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Foreword 


The ARIANE development program is carried out 
under the aegis of the European Space Agency 
(ESA) and under the management of the French 
Centre National d’Etudes Spatiales (CNES). 


Following a decision by the participating States and 
a convention between the European Space Agency 
and ARIANESPACE, the responsibility for the 
production, marketing and launching of operational 


Ariane vehicles and their uprated versions is 


It is financed by the following participating entrusted to ARIANESPACE. 


European states: Belgium, Denmark, France, 
Germany, Italy, the Netherlands, Spain, Sweden, 
Switzerland, the United Kingdom and Ireland. 


O arianespace - ALL RIGHTS RESERVED 


ARIANESPACE S.A. owns the copyright of these documents. They are supplied in confidence and shall not be 
used for any purpose other than that for which they are supplied, and shall not, in whole or in part be 
reproduced, communicated or copied in any form or by any means (electronically, mechanically, 
photocopying, recording or otherwise) to any person without prior written permission from the owner. 
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1. A private Company 


ARIANESPACE is a French Joint Stock Company 
("Société Anonyme") which was incorporated on 
March 26th, 1980. Its authorized capital amounts 
to 2 087 910 000 French Francs. 


The 53 shareholder partners in ARIANESPACE 
represent the scientific, technical, financial and 
political capabilities of 12 European countries 
(Belgium, Denmark, France, Germany, Ireland, 
Italy, Netherlands, Norway, Spain, Switzerland, 
Sweden and United Kingdom). 


In order to meet the market needs, ARIANESPACE 
has established a worldwide presence: in Europe, 
with its head office located at Evry near Paris, 
France, in North America with Arianespace Inc., 
its subsidiary in Washington D.C., and in the 
Pacific Region, with its representative offices in 
Tokyo, Japan and in Singapore. 


2. А responsible company 


ARIANESPACE has adopted the structure of a 
commercial and engineering company fully 
responsible for financial results, in order to 
provide three main functions: 


1) MARKETING OF SATELLITE LAUNCH SERVICES 
to all customers throughout the world; 


2) PRIME CONTRACTOR RESPONSIBILITIES FOR 
ACTUAL PRODUCTION AND FINANCING of 
operational ARIANE launch vehicles; 


3) DIRECTION OF LAUNCH OPERATIONS using 
the Ariane launch site at the Guiana Space 
Center. 


3. A service company 


Arianespace's objective is to provide a complete, 
personalized service, covering the entire period 
from initial formulation of the project with the 
customer and the satellite manufacturer, up to 
the launch. 


This objective is achieved by the combination of a 
product such as the Ariane launcher, fully 
automatic and optimized for this type of mission, 
and a modern launch complex equipped with all 
the facilities required for the preparation and 
testing of the latest generation of satellites, and 
manned by skilled technicians and engineers used 
to working with the latest state of the art 
technology. 


In the area of insurance ARIANESPACE created 
the subsidiary S.3.R which provides additional 
insurance capacity to aid its clients with coverage 
during the launch phase. 
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1.1. Purpose of the User's manual 


This manual is intended to provide Users with 
information of the Ariane 4 series of launch 
vehicles. 


The reader should also refer to the "C.S.G. Safety 
Regulations" which is applicable for spacecraft 
design and operations and the  "Payload 
Preparation Complex (E.P.C.U.) Manual" (CD- 
ROM). 


The above three documents constitute the Ariane 
technical reference documentation used for the 
Ariane-spacecraft feasibility phase studies. On 
completion of the feasibility phase, formal 
documentation will be established in accordance 
with the procedures outlined in Chapter 6 of this 
manual. 


1.2. The Ariane 4 launch system 


Arianespace offers a complete launch system 
including the vehicle, the launch facilities and the 
associated services. 


The launch vehicle is basically the Ariane three- 
stage-vehicle using liquid propellants and an 
inertial guidance system. Depending on the 
required performance and the composition of its 
payload, one of several launch configurations can 
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be selected by Arianespace based upon the 
utilization of strap-on boosters and dual launch 
systems. These configurations are described in 


paragraph 1.3. 


The launch vehicle itself is described in more 
detail within annex 1. 


The launch facilities located in French Guiana 
comprise the Payload Preparation Complex EPCU 
and the Ariane Launch Complex ELA 2. 


Arianespace is organized to offer a Launch 
Service based on a continuous interchange of 
information between а Spacecraft Interface 
Manager (User), and the Ariane Mission Manager 
(Arianespace) who are appointed at the time of 
the launch contract signature. As from that date, 
the Ariane Mission Manager is responsible for the 
execution of the Launch Service Contract. For a 
given launch, therefore, there are one or two 
Spacecraft Interface Manager(s) and one or two 
Arianespace Mission Manager(s), depending on 
whether the launch is a single or a dual one. 


For the preparation and execution of the Guiana 
operations, the Ariane launch team is managed 
by a specially assigned Mission Director who will 
work directly with the User's operational team. 
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Users Authorities 


Spacecraft 1 
interface 
Manager 


Ariane Authority 


Arianespace 
Launch Vehicle 
Manufacturing 


ARIANESPACE Arianespace 
Mission Launch 


Manager 1 Operations 


Spacecraft 2 
interface 
Manager 


Fig. 1.1 - Principle of Users/Arianespace Relationship 


1.3. The Ariane 4 series of launch 
vehicles 


There are six different Јаипсћ vehicle 
configurations each having а different 
strap-on boosters arrangement for the first 
stage (see para. 1.3.1.). There is also a 
number of spacecraft compartment 
configurations (see para. 1.3.2.), allowing 
for single and dual launches. The 
appropriate combination of these two is 
selected by  Arianespace taking into 
account the volume and mass performance 
required. This combination is known as the 
launch configuration. 


1.3.1. Launch vehicle configurations 


Depending on the total payload mass to be 
launched, the launch vehicle will have 
zero, two of four strap-on boosters giving 
the configurations: 


- 40 (with no strap-on boosters), 
- 42 (with 2 strap-on boosters), 
- 44 (with 4 strap-on boosters). 


The strap-on boosters will be selected, from the 
two types available according to the performance 
required i.e. they may be: 


- P (for Solid propellant), 
- | (Тог Liquid propellant). 


The possible launch vehicle configurations are as 


follows: (see 1.3.1.a and 1.3.1.b). 


- ARIANE 40 : no strap-on booster 

- ARIANE 42P  :2 Solid strap-on boosters 

- ARIANE 44P  :4 Solid strap-on boosters 

- ARIANE 42L  :2 Liquid strap-on boosters 

- ARIANE 44LP : 2 Liquid + 2 Solid strap-on 
boosters 

- ARIANE 44L  :4 Liquid strap-on boosters 
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A40 A42P A44P А421. A44LP A44L 


Fig. 1.3.1.a - Ariane 4 launch vehicle configurations 
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1 Fairing 

2 Upper spacecraft 

3 Upper spacecraft separation 
plane 

Fairing door 

Inner spacecraft 

SPELDA 

Inner spacecraft separation 
plane 

8 Vehicle Equipment Bay (VEB) 
9 Third stage sealing membrane 
10 VEB Equipment 

11 Liquid-hydrogen tank 
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Anti-sloshing device 22 second-stage front skirt 
Liquid-oxygen tank 23 N50, tank 

Roll and attitude control 24 UH25 tank 

system 25 Second stage retro rockets (2) 
Third stage acceleration 26 Second-stage thrust frame 
rockets (2x2) 27 Second-stage acceleration 
Third-stage thrust frame rockets (4) 

Helium pressurization tank 28 Second-stage torroidal water 
Interstage 2-3 tank 

Third-stage engine HM-7B 29 Interstage 1-2 

2/3 separation plane 30 1-2 separation plane 


2™ stage helium pressurization 31 First stage retro-rockets (4x2) 
tanks (3) 


у eueuy 


32 second-stage engine-Viking IV 
33 N50, tank 

34 External cable duct 

35 Liquid strap on boosters (2) 

36 Intertanks skirt 

37 UH25 tank 

38 Solid strap-on boosters (2) 

39 First-stage thrust frame 

40 Fairings 

41 First-stage engines - 4 vikings V 
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1.3.2. 


The Ariane 4 launch vehicle has two basic 
spacecraft compartment configurations, one 
for single spacecraft launches and one for 
dual spacecraft launches: 


- Single launch (see fig. 1.3.2.a) 


Fairings available: 

Type 01: short fairing, 8.6 m high, 

Type 02: long fairing, 9.6 m high, 

Type 03: extra long fairing, 11.1 m high (on 
request). 


Payload compartment configurations 


- Dual launch (see fig. 1.3.2.b, 1.3.2.с 


1.3.2.9) 
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For dual launches either the SPELDA or 
SYLDA carrying structure will be used (see 


Figure 1.3.2.b). 

SPELDA is mounted above the VEB. It 
surrounds the inner spacecraft and supports 
the upper spacecraft and the fairing. 


Three types of SPELDA are available: 


Type 10 Short SPELDA, 3.8 m high 
Type 30 Mini-SPELDA, 2.8 m high 
Type 40 Mini-SPELDA +300, 3.1 m high 


(also called SMS for 
stretched mini SPELDA) 


Тһе SPELDA, mini-SPELDA and stretched 


mini SPELDA can be used with either a short 
fairing or a long fairing. 
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Short fairing Long Fairing Extra Long Fairing 
(Type 01) (Type 02) (Type 03) 


FAIRING AVAILABLE 


ON SPECIAL REQUEST 
ONLY 


Fig. 1.3.2.a - Payload compartment configurations for single launches 
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Long Fairing Short Fairing Long Fairing 
(Type 02) 
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4.4m 
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Sylda 4400 Spelda Spelda 
(Type 10) (Type 10) 


Fig. 1.3.2.b - Payload compartment configurations for dual launches 
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Short Fairing Long Fairing 
(Type 01) (Type 02) 


Mini Mini 
SPELDA SPELDA 


Fig. 1.3.2.c - Payload compartment configurations for dual launches (cont'd) 
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Short Fairing Long Fairing 
(Type 01) (Type 02) 


Mini Mini 
SPELDA SPELDA 
+300 +300 


Fig. 1.3.2.4 - Payload compartment configurations for dual launches (cont'd) 
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2.1. Introduction 


This section provides the information necessary 
to make preliminary performance assessments 
for the launch vehicles of the ARIANE 4 family. 


The ARIANE 4 launch vehicle is able to meet the 
need of a wide range of missions from Low Earth 
Orbits to escape trajectories. 


Over the past ten years ARIANE 4 has set up a 
high degree of reliability and excellence in 
particular for the launch of geostationary 
satellites into transfer orbit. 


The data presented here reflects this flight 
proven hardware / software performance 
knowledge for the major missions flown by 
ARIANE. 
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This document is a guide for mission design, and 
predictions are presented with a slight degree of 
conservatism to make sure that the launch 
vehicle will meet the expectations. 


Beyond these performance figures, customized 
and innovative methods and solutions can also 
be proposed to Customer, to individually optimize 
their mission or even increase the launch vehicle 
standard capability. 


ARIANE 4 can perform the launch in the single 
payload configuration, that allows to specifically 
tailor the mission to the customer need, or, 
through the use of various carrying structures, in 
the dual payload configuration that has 
demonstrated throughout the years to be a 
unique way to rapidly and economically deploy 
satellites onto the geostationary transfer orbit. 
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2.2 


The 


Performance definition 


performance figures given in this chapter are 


expressed in terms of payload mass. The mission 
performance includes the mass of : 


е the spacecraft(s) e the multiple launch system, dispenser (if 
• the dual launch system (if used), which mass used) : mass, mission-specific 
is mission dependant and approximately of : • the adaptor(s) : see annexes for the mass 
- mini SPELDA 320 kg characteristics. In case of use of a V type 
stretched mini SPELDA 350 kg adaptor, which replaces part of the vehicle 
short SPELDA 410 kg equipment bay structure, 45 kg has to be 
SYLDA 4400 200 kg added to the performance figure 
P Upper S/C 
E Li 
R if 
Upper 
| — Z | | 
adaptor V type 
0 Яс а adaptor 
R Dual 
M launch @ 2624 
structure +45 kg to performance 
A figure 
N Lower S/C 
ы Lower 
E adaptor 


Annular plate 


Vehicle Equipment { 
Bay 


@ 2624 Inner skirt of VEB 
3rd stage 
Performance computations are based on the e Altitude values given with respect to a spherical 
following main assumptions : earth radius of 6378 km 


Third stage carrying sufficient propellant to ж Launch from the CSG (French Guiana), taking 
reach the targeted orbit with the specified into account the relevant safety requirements 
probability of 99% except otherwise specified 

Aerothermal flux at fairing jettison less or equal 

to 1135 W/m? 
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2.3 Launcher propellant reserve 


management 


The reference performance corresponds to a 
99% probability to reach the targeted orbit 
before depletion of one of the third stage 
propellants. 

A certain amount of these propellants loading 

called the "performance reserve" accounts for 

statistical dispersions of the launch vehicle 
parameters. 

It can be decided to make use of part of this 

"reserve" to impart an additional delta-velocity to 

the payload. This allow : 

e {о inject a higher mass on the standard GTO 
than would otherwise be possible (see 
paragraph 2.4.2). This is particularly 
interesting for a payload which mass is 
higher than the launch vehicle performance. 

e to increase the apogee altitude compared to 
the reference 9996 mission in the case of a 
sub-synchronous ог super-synchronous 
injection (see paragraphs 2.5.3 and 2.5.4) 
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The use of the "performance reserve" reduces 
the probability of third stage non-depletion cut- 
off and may lead to stage exhaustion before 
reaching the targeted orbit (or, in other words, 
before guidance instruction to cut thrust). The 
final injection apogee can therefore be lower 
than predicted, with a minimum equal to the 
99% reference performance apogee, the loss 
being directly proportional to the propellant 
deficit. |f а lower than СТО apogee is achieved, 
the spacecraft then performs a subsynchronous 
transfer procedure (see paragraph 2.5.4) raising 
the apogee with a Perigee Velocity Augmentation 
(PVA) maneuver. 
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2.4  Geosynchronous transfer 


performance 


2.4.1 Ariane standard Geostationary Transfer 
Orbit (GTO) 

Most of the communications satellites in orbit 
have been launched by ARIANE into the 
Geostationary Transfer Orbit (GTO). These 
satellites have benefited of the unique location of 
the Kourou Europe Spaceport : its low latitude 
minimizes the satellite on-board propellant 
needed to reach the equatorial plane. Based on 
the satellite constraints, the resulting optimized 
dual launch ARIANE 4 standard Geostationary 
Transfer Orbit, defined in terms of osculating 
parameters at injection, is : 


INJECTION 


e Inclination i= 7° 
e Altitude of perigee Zp = 200 km 
e Altitude of first apogee 7а = 35786 km 
e Argument of perigee о = 178° 
30 — 
ЕХ 
a 
15 | 
| KOUROU 
| ај ПИ 
04 17 
TA POINT 
| NATAL " 
ASCENSION 
20 40 о 


Тар 


General performance data 


Injection is defined as the end of third stage 
thrust-decay following shut down. 

The above mentioned orbital parameters are not 
significantly influenced by events occurring 
between the third stage shut down and the 
spacecraft separation. 

The longitude of the first descending node, as 
defined in the figure 2.4.1.a, depends upon the 
particular ARIANE 4 configuration and lies around 
7° West. 


Figure 2.4.1.a : Typical ground track 
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2.4.2 Performance on the standard 
Geostationary Transfer Orbit 


Through extensive flight experience, enlarged at 
each flight through a precise monitoring of all 
systems апа  subsystems,  Arianespace has 
developed an intimate knowledge of the vehicle 
and of its performance. Therefore systems 
performance assumptions can be adjusted to less 
conservative but  flight-demonstrated set of 
parameters for the Customer benefit. Arianespace 
is therefore proposing as standards, beside the 
9996 probability reference performance, the 9596 
and 5096 improved performance data. 


Actual mission may be defined to other values 
depending on customer need. 


In order to protect inhabited areas of French 
Guyana, safety criteria taking into account the 
wind speed and direction, the nature and quantity 
of toxic products on board of the launch vehicle 
and spacecraft, the destruction devices set up, 
may constrain the launch azimuth and therefore 
the performance. 

Performance values are presented for three 
spacecraft propellant masses per tank, of the 
most critical product. It corresponds to the 
maximum mass contained in the largest individual 
tank (S/C propellant loading can be higher 
depending on the number of tanks). 


600 kg oxidizer 1200 kg oxidizer 1800 kg oxidizer 
or or or 
450 kg hydrazine 1100 kg hydrazine 1800 kg hydrazine 
Probability | 99 96 95 96 50 96 9996 95 96 50 96 99 96 95 96 50 96 
A44L* 4768 4810 4894 4748 4790 4874 4660 4702 4786 
A44LP 4290 4327 4398 4270 4307 4378 4167 4204 4275 
A42L 3591 3623 3689 3581 3613 3679 
A44P 3465 3496 3561 3446 3477 3542 
A42P 2891 2922 2986 
A40 2174 2213 2268 


* For dual launch, subject to payload compartment configuration [+ 0, - 50 kg] 
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‚ [А421 - АЛАР - A42P 
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50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 96 98 100 
Third stage non exhaustion probability (% ) 


Figure 2.4.2.a - Performance gain versus probability of third stage non exhaustion 


Probability (%) | Amass(kg) | 


A44L A44LP А421 


60,00 113 99 90 


50,00 126 109 100 
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2.4.3 Injection Accuracy 


This paragraph applies for guidance commanded 
shut-down. 


The covariance matrix of injection errors on the 
orbital parameters is as follows (for standard 
geostationary transfer orbit) : 


a e i [0] 9) 
а 676 0.00751 -0.01202 -0.0665 0.0812 
е 8.4110% -1.01 107 -2.47 107 7.82107 
i 3.20 104 0.00250 -0.00251 
[0] 0.0202 -0.0201 
о 0.0202 


Nota : this matrix is applicable for ARIANE 44LP. 
However values differ very little from one launch 
vehicle version to the other. 

Following standard deviation values are to be 
used for all L/V configurations : 

semi major axis (km) 26 

eccentricity 0.00029 
inclination (°) 0.018 

perigee argument (°) 0.14 

ascending node (°) 0.14 

perigee Altitude (km) 1.0 

Za apogee Altitude (Km) 52 


Nps oo 


Parameter Mo (mean anomaly at injection) 
depends on the flight sequence and its accuracy is 
not correlated with the other parameters. 
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2.4.4 Typical launch vehicle trajectory 


Figures 2.4.4.a to 2.4.4.с show the main 
trajectory parameters as a function of flight time, 


for the ARIANE 44LP. 
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Figure 2.4.4.a - Ariane 44LP trajectory - Altitude versus Time 
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Figure 2.4.4.b - Ariane 44LP trajectory - Load Factor versus Time 


second stage separation 


4000 fairing jettisoning 


first stage separation 
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Figure 2.4.4.c - Ariane 44LP trajectory - Relative Velocity versus Time 
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2. Tailored GTO mission 


Although the ARIANE 4 standard Geostationary 
Transfer Orbit, with its low inclination, does 
already provide a good answer to achieve the 
lifetime requirement of the Customer, Arianespace 
can propose a wide range of options to further 
increase the spacecraft beginning of life 
propellant mass and Customer's revenue. 
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2.5.1 Customized mission 

The ARIANE mission can be customized by some 
adjustments to the transfer orbit or to the launch 
vehicle upper part (vehicle equipment bay and 
adaptors) : 


e Aerothermal flux at fairing jettisoning can be 
set differently from the standard. The figure 
2.5.1.8 shows (пе influence of the 
aerothermal flux at fairing jettisoning on the 
performance and on the jettisoning time. The 
"zero" reference corresponds to the standard 
1135 W/m? value. Increasing this value, 
reduces the time during which the fairing is 
carried and therefore increases the final 
launch vehicle performance. 


e The perigee can be reduced down to 180 km, 
the associated gain of performance is shown 
on figure 2.5.1.b 


e Depending on the flight configuration single 
vs. dual launch, the launch vehicle payload 
compartment сап бе customized. Рог 
instance, removing the stiffening annular 
plate of the Vehicle Equipment Bay external 
cone in dual launch (when it is unnecessary) 
provides a gain of 20 kg. 
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Figure 2.5.1.a - Impact of aerothermal on fairing jettisoning time and on performance 


= AR44LP 
——AR44L 
——AR44P 
——AR42L 
—__АКА2Р 


Figure 2.5.1.6 - Ariane 4 - Performance дат versus perigee altitude 
Za = 35786 km - i = 7° - ® = 178° 
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2.5.2 Altitude of perigee, argument of perigee 
and inclination adaptation 


This launch strategy can be proposed when the 
spacecraft mass is below the standard GTO 
performance of the launcher version considered. 
Spacecraft lifetime сап be increased бу 
furthermore reducing the transfer orbit inclination 
and / or increasing the perigee altitude. The 
spacecraft propellant mass necessary to 
circularize the orbit and lower the inclination is 
accordingly reduced for the benefit of the 
spacecraft lifetime. 

The curves 2.5.2.a to 2.5.2.e present the launch 
vehicle performance for perigee ranging from 200 
to 250 km and inclination from 3 to 7°. 
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Argument of perigee and inclination can also be 
optimized to customer needs. The curve 2.5.2.f 
shows the performance impact for inclinations 
from 1 to 10° and argument of perigee from 10 to 
230°. 


Апапе 4 General performance data 


Zp (km) 
200 205 210 215 220 225 230 235 240 245 250 


—i=3° 


—1=4° 


—1=5° 


— = 6° 


—j=7° 


APerformance (kg) 


Figure 2.5.2.a - Ariane 44L - Performance impact versus perigee altitude 
Za = 35786 km at injection, o = 178 ° 
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Figure 2.5.2.b - Ariane 44LP - Performance impact versus perigee altitude 
Za = 35786 km at injection, o = 178 ° 


A44LP 
| Inclination (°) | Zp(km) |  Amass(kg) | 
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Figure 2.5.2.c - Ariane 42L - Performance impact versus perigee altitude 
Za = 35786 km at injection, o = 178 ? 
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Figure 2.5.2.d - Ariane 44P - Performance impact versus perigee altitude 
Za = 35786 km at injection, o = 178 ° 
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Figure 2.5.2.e - Ariane 42Р - Performance impact versus perigee altitude 
Za = 35786 km at injection, o = 178 ° 
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Figure 2.5.2.f - Ariane 44L - Performance versus argument of perigee 
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2.5.3 Supersynchronous transfer 


Supersynchronous transfer can be proposed when 
the spacecraft mass is below the standard GTO 
performance. Spacecraft lifetime can be increased 
by reducing the propellant needed to circularize 
the orbit and lower the inclination. These 
maneuvers are performed at a higher than 
geosynchronous altitude, where the velocity is 
decreased. The curves on figure 2.5.3.a present 
the ARIANE 4 performance for apogee altitude 
ranging from 36 000 to 100 000 km. The others 
parameters of the orbit remain unchanged : 


Inclination 7° 
Perigee altitude 200 km 
Argument of perigee 178° 
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2.5.4 Subsynchronous transfer 


Subsynchronous transfer consists in injecting the 
spacecraft on a transfer orbit with an apogee 
lower than geosynchronous. The ARIANE 4 
performance curves for apogee altitude between 
20 000 km and 36 000 km are presented in figure 
2.5.4.a. 
This strategy is of interest when the satellite mass 
exceeds the launch vehicle performance on the 
standard GTO and when the spacecraft tank 
capacity is large with respect to the standard GTO 
injection and lifetime needs. The spacecraft 
propulsion system is used at the perigee of 
transfer orbit to raise the apogee, this maneuver 
being known as the  Perigee Velocity 
Augmentation (PVA). The overall propulsion 
budget of the mission translates in a benefit for 
the spacecraft in terms of lifetime (for a given 
dry-mass) or in terms of dry mass (for a given 
lifetime) compared to the standard GTO injection 
limited to the launch vehicle capability. 

For a given satellite mass, it can be decided to 

make use of the part of the “performance 

reserve" (see paragraph 2.3) to increase the 

apogee altitude compared to the reference 9996 

mission. 

Flight 114 (December 1998) gives a pertinent 

illustration of the above : 

• 4217 kg required performance оп an 
ARIANE 42L, with a predicted apogee altitude 
at launcher injection of : 

• 19459 km on a 99% basis 
• 21606 km on a 50% basis 

e the apogee altitude achieved was 21586 km 

(commanded cut-off) 
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Figure 2.5.3.a - Ariane 4 - Impact on performance of the increase of the apogee altitude 
Zp = 200 km, i = 7°, œ 2178? 
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Figure 2.5.4.a - Ariane 4 - Gain of performance versus decrease of apogee altitude 
Zp = 200 km, i = 7°, ® =178° 
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2.5.5 ARIANE 4 performance enhancements 
example 


Flight 113 October 1998 


Demonstrated performance 4947 kg with ARIANE 
441, achieved through : 


e inclination and perigee altitude adaptation : 
| = 6.5° 
Zp = 185 km 


• removal of the stiffening annular plate on the 
external cone of the vehicle equipment bay 
(this piece of structure can only be removed 
in case of dual launch) 


e deletion of one battery out of three. The third 
battery is not needed when the vehicle 
equipment bay is equipped with gyrolaser 
type inertial platforms 
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engine tuning (slight increase of chamber 
pressure, mixture ratio and propellant loading 
optimization) associated with hardware 
availability and operational constraints 


flight performance reserve associated with a 
probability to reach the intended orbit before 
propellant exhaustion of 97 % (99 96 as a 
reference) 
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2.6 


The launch vehicle performance is presented оп 
figure 2.6.6 for circular orbits ranging from 400 to 


General performance data 


Sun Synchronous Orbit (SSO) 


following assumptions : 


1400 km. 500 W/m? 
For each altitude the corresponding “ Launch azimuth of 0° (due North) 
sunsynchronous inclination is presented in figure e Inertial node control on a 20 min launch 
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Figure 2.6.a - Altitude and inclination of SSO 
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Performance computations are based on the 


e Aerothermal flux at fairing jettison less than 
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Figure 2.6.b - Performance for SSO 


Mass (kg) 
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2.7 Low Earth Orbits (LEO) 

| | Performance computations are based оп the 
Among the wide range of orbits that can be following assumptions : 
served by ARIANE 4, the 60° inclined circular e  Aerothermal flux at fairing jettison less than 
orbits have been chosen to illustrate the 500 W/m? 
ARI ANE 4 performance. e Launch azimuth of 60° 
For launches on other orbits users are invited to e Inertial node control on a 20 min launch 


contact Arianespace. 
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Figure 2.7.a - Perfomance for LEO - Circular orbits - i = 60° 
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2.8 High elliptical Orbits (НЕО) 


The 65° inclined orbits have been chosen to 
illustrate the ARIANE 4 performance. For other 
orbits, customers аге invited to contact 
Arianespace to obtain precise data. 


4200 


Performance computations are based on the 
following assumptions : 


Argument of perigee around 52 ° 
Ascending node free 


Aerothermal flux at fairing jettisoning less 


than 1135 W/m? 


4150 4 


4100 ESSE 


4050 JM RUNE Ne es eS Өз эңе де Эң 5л c xc ак я 


4900.01, 
3950 bee жє ее ш 
3900 + -'- 


3850 $ ere i Еее 


Performance (kg) 


зот 
| 

3750 + -'- + 

3700 + -'- ~ 

3650 - 

3600 + 


3550 4 


3500 


36000 40000 44000 48000 52000 56000 60000 64000 68000 72000 76000 80000 84000 88000 92000 96000 100000 
Apogee altitude (km) 


Figure 2.8.а - Ariane 44L - Zp = 200 km - i = 65? - o free 
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2.9 Escape missions 


The launch vehicle performance for ап 
ARIANE 44L is presented on figure 2.9.a for 
energy expressed in terms of excess velocity 
ranging from 2000 to 5000 m/s and for 
declination from -5 to 5 °. 
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Figure 2.9.a - Ariane 44L - Launch towards East 
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2.10 Spacecraft orientation and 
separation 


2.10.1 General description 

After injection into the desired orbit, the launch 
vehicle Attitude Control System provides the 
specified orientation and spin (if required) for 
each spacecraft before its separation. After 
completion of the separation(s), the third stage is 
sequenced to carry out a maneuver to avoid 
subsequent collision. 


Typical sequences of events are shown in figures 
2.10.1.а (SYLDA), 2.10.1.6 (short SPELDA), 
2.10.1.c (mini and stretched mini SPELDA). 


The time available for the above maneuvers is 
about 400 seconds. 


2.10.2 Orientation performance 

The desired orientation at separation should be 
specified by the User with respect to the 
following system of axes : 


u: radius vector with its origin at the centre 
of the Earth, and passing through the 
intended orbit perigee. 


v: perpendicular to u in the intended orbit 
plane, having the same direction as the 
perigee velocity. 


м: perpendicular to u an v, such that и, v, w 
form a direct trihedron (right handed 
system). 


Issue 2 Rev. 0 


Note: In the case of 3-axis stabilized 
spacecraft, the desired orientation of the 
spacecraft longitudinal axis and of one 
transverse axis should be given. 


For specific dual launches, Mission Analysis may 
lead Arianespace to request a slight adjustment 
of the desired orientation. 


The orientation required by the user can be 
adjusted to take into account the launch time. In 
this case, the User must supply details of the 
orientation required at the start and the end of 
the intended launch window. This orientation will 
be intepolated between these two values, for a 
given launch time. 


2.10.3 Spin-up performance 


The Ariane spin-up system, produces a spin rate 
less than or equal to 5 rpm, counterclockwise 
looking aft ; the clockwise spin can be made 
available if requested. For a single launch, the 


Preliminary Mission Analysis (see para. 6.4) may 
show that a highter spin rate could be provided. 
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Orientation of composite (37% stage + payload) by 3% stage roll and attitude control system (SCAR) 
Spin up by action of SCAR 


Separation of upper spacecraft. Then spin down (1) and attitude deviation by action of SCAR (2). 
Upper SYLDA jettisoning. Reorientation as requested by inner spacecraft 

Spin up and separation of inner spacecraft. 

3" stage avoidance maneuver. (Spin down, attitude deviation, Lox valves opening). 


Spacecraft separations can also be accomodated under a 3 axis stabilized configuration. 
Figure 2.10.1.a : Typical spacecraft/SYLDA separation sequence for 


various attitude and spin requirements 
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Orientation of composite (3% stage + payload) by 3% stage roll and attitude control system (SCAR) 
Spin up by action of SCAR 

Separation of upper spacecraft. Then spin down (1) and attitude deviation by action of SCAR (2). 
Upper SPELDA jettisoning. Reorientation as requested by inner spacecraft 

Spin up and separation of inner spacecraft. 

3" stage avoidance maneuver. (Spin down, attitude deviation, Lox valves opening). 


Spacecraft separations can also be accomodated under a 3 axis stabilized configuration. 


Figure 2.10.1.b : Typical spacecraft/short SPELDA separation sequence for 
various attitude and spin requirements 
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А апа В : Orientation of composite (3 stage + payload) Бу 3% stage roll and attitude control system (SCAR) 
C : Spin up by action of SCAR 
D Separation of upper spacecraft. Then spin down (1) and attitude deviation by action of SCAR (2). 
E SPELDA jettisoning. Reorientation as requested by inner spacecraft 
Е : Spin up and separation of inner spacecraft. 
G 3" stage avoidance maneuver. (Spin down, attitude deviation, Lox valves opening). 


Note : Spacecraft separations can also be accomodated under a 3 axis stabilized configuration. 


Figure 2.10.1.c : Typical spacecraft/mini and stretched mini SPELDA separation sequence for 
various attitude and spin requirements 
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2.10.4 Spacecraft pointing accuracy 


The actual values will result from the Preliminary 
Mission Analysis (see para. 6.4). The following 
values cover a large range of Ariane 4 compatible 
spacecraft. 


2.10.41  Spin-up spacecraft 


Values are given along the spin-axis for a 5 rpm 
n rate and a probability of 99 96. 

immediately before separation 

transverse angular velocity 

œ < 2°/s (in the main inertia axis) 
- immediately after separation 

depointing of kinetic momentum 

vector dy < 6? 


2.10.42  Three-axis stabilized spacecraft 
immediately before separation 
attitude error along each spacecraft 
geometrical axis : Ay < 3° 
with probability of 99 % 
- immediately after separation, the transverse 
angular velocity depends mainly upon : 
. Spacecraft static inbalance, 
. Separation system perturbations, 


. Torque induced by the spacecraft 
sloshing masses. 
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The values are in accordance with 
spacecraft balancing characteristics given 
in para. 4.5.2 and assume the adaptor is 
supplied by Arianespace. 

Possible perturbations induced by 
spacecraft sloshing masses аге пої 
considered in the above figures. 

2.10.5 Separation velocities 

Each separation system is designed to deliver a 
minimum relative velocity of 0.5 m/s between the 
two separated bodies. 


= 
o 
ot 
(D 


For each mission, Arianespace will verify that 
distances between orbiting bodies аге 
satisfactory until the first spacecraft motor firing. 


For this analysis, the User has to provide 
Arianespace with its orbit and attitude maneuver 
flight plan. 


2-31 


Апапе 4 


Environmental 
conditions 


Chapter 3 


3.1. Mechanical environment 
3.1.1. General 


During flight, the playload is subjected to static 
and dynamic loads induced by the launch vehicle. 
This environment covers the ground transportation 
case in Guiana. 


Such excitation may be of aerodynamic origin 
(wind, gusts, buffeting at transonic velocity), or 
due to the propulsion systems (longitudinal 
acceleration, thrust build-up or tail-off transients, 
structure-propulsion coupling, attitude control limit 
cycling, etc). 


The loads quoted in para. 3.1.2. to 3.1.7. should 
be considered as flight loads, applying to the 
spacecraft. The related probability of these figures 
not being exceeded is 99 %. 


In the following paragraphs, the spacecraft base is 
defined as the top of the adaptor used. 
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3.1.2. Steady state acceleration 


The highest longitudinal acceleration occurs at 1st 
stage cut-off. It will not exceed 4.5 g (see fig. 


Highest lateral acceleration is 0.2 g. 


3.1.3. Low frequency longitudinal vibration 


The sinusoidal vibration level at the base of the 
spacecraft is < 1 g in the frequency range from 5 
to 100 Hz. 


This spectrum takes into account all sinusoidal or 
transient vibrations in this bandwidth. 


3.1.4. Low frequency lateral vibration 


The sinusoidal vibration level at the base of the 
spacecraft is < 0.8 g from 2 to 18 Hz and <0.6 g 
from 18 to 100 Hz. 
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Fig. 3.1.2.a - Typical longitudinal static accelerations (flight levels for AR44LP in GTO) 
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3.1.5. Random vibrations 


Random vibrations are generated by functioning 
mechanical elements (e.g.  turbopumps), 
combustion phenomena or structural elements 
excited by the acoustic environment. 


Such vibrations are transmitted to spacecraft via 
the launch vehicle structure (see fig. 3.1.5.a). 
The rms level is 7.3 g. 
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Fig. 3.1.5.a - Random Vibrations (Flight levels) 
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3.1.6. Acoustic vibrations 


Acoustic vibrations are generated by engine The level is the highest at lift-off and in the 

noise, buffeting and boundary layer noise. transonic region. It is substantially lower outside 
these periods. (The related noise spectrum is 
shown in figure 3.1.6.a). 


140 


135 


130 


dB 125 


120 


| Integrated level 142 dB | 
Ref. 0 dB = 2 x 10-5 Ра 


115 


110 
1E+01 1E+02 1E+03 1E+04 


Frequency (Hz) 


3-4 Rev. 0 Issue 2 


Апапе 4 


Environmental 
conditions 


3.1.7. Shock 


The spacecraft is subjected to shocks principally 
during separation of the fairing and on actual 
spacecraft separation. On Ariane 4, the fairing, the 
dual launch carrying structures and the third stage 
separation systems do not generate a noticeable 
shock at the spacecraft interface. 


The dimensioning case remains the actual 
spacecraft separation. 


3.1.7.1. Standard adaptor 


The levels experienced at the spacecraft interface 
are presented in the annexes describing the 
various separation systems. 


3.1.7.2. Client adaptor 


The acceptable levels at the launch vehicle bolted 
interfaces are the following (see fig. 3.1.7.2.a). 
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Fig. 3.1.7.2.a - Acceptable shock spectrum at launcher bolted interfaces 
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3.2. Thermal environment 
3.2.1. 
Three phases have to be considered: 


General 


a) The spacecraft preparation phase 
within the EPCU buildings and 
transport between these buildings 
(refer to the EPCU Manual). 


b) The spacecraft encapsulated inside 
the fairing or the SPELDA, and 
mated to the launch vehicle during 
the pre-launch phase*. 


с) The in-flight environment phase*. 


* See figures 3.2.1.a and 3.2.1.b. 


3.2.2. Pre-launch temperature within the 
fairing or SPELDA 


When mated to the launch vehicle, the 
spacecraft is protected by ап air- 
conditioning system provided by ventilation 
through the pneumatic umbilicals (see fig. 
3.2.2.a and 3.2.2.b). 


This system is compatible with class 
10,000 cleanliness and has the following 
characteristics: 


Inlet temperature of injected air: 
adjustable between we and 25°C. 


Note : Temperature less than 13°С 
cannot be guaranteed. 
A feasibility study сап һе 
carried out in a case by case 
basis. 


Outlet temperature of air (fairing or 
SPELDA venting holes) «x 25?C for 
spacecraft radiating less than 200 watts 
(400 watts for single launch). 

Relative humidity — 1 96. 

- Filtration: 0.3 шт. 

- Main air velocity within the fairing: 
« 2 m/s (locally, near air inlet (A), the 
velocity may exceed this value — 
contact ARIANESPACE in case of 
specific concern). 

- The noise level generated by the 
ventilation system does not exceed 
90 dB. 


Note : The high airflow rate 
(2.000 Nm?/h) is normally 
scheduled at HO - 10:25 (44LP) 
at the earliest. 
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3.2.3. In-flight temperature under fairing, 


SPELDA or SYLDA 


The net flux density radiated by the 
fairing, and the SPELDA or the SYLDA does 


not exceed 500 W/m? at any point. 


3.2.4. Aerothermal flux at fairing 
jettisoning 


(Not applicable to the inner passenger of a 
dual flight which remains protected by the 
SPELDA or the SYLDA). 


The nominal time for jettisoning the fairing 
on all flights is determined in order not to 
exceed the aerothermal flux of 1135 


W/m?. This flux is calculated as a free 
molecular flow acting on a plane surface 
perpendicular to the velocity direction 
(atmosphere US 66, latitude 15° North). 


For a dedicated launch, lower flux 
exposure can be accomodated on request. 
Arianespace should be contacted to study 
the impact on performance. 


Solar-radiation flux, albedo and terrestrial 
infrared must be added to this aerothermal 
flux. In calculating the incident flux on 
spacecraft, account must be taken of the 
altitude of the launch vehicle, its 
orientation, the position of the sun with 
respect to the launch vehicle, and the 
orientation of the spacecraft surfaces 
considered. 
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Fig. 3.2.1.a - Typical internal temperatures under fairing single and dual launch 
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Fig. 3.2.1.6 - Typical internal temperatures under SPELDA 
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Ventilation characteristics 
• Main air inlet 2000 Nm?/h 
e Temperature between 13°C and 25°C 
e Accuracy + 1°С 
e Cleanliness Class 100 000 
e Filtration 0.3 um 
e Filtration efficiency 98 % 
e Noise level (ref 2.10-5 Pa) < 90 dB 
e Internal air velocity 
e (оса! (A) = 5 m/s 
e _ average < 2m/s 
| 
«----- 1 
i 
i 
i MAIN AIR 
i INLET 
|---<= 
i 
i 
L 
| 
Ø 250 
ра о 
y^ ү! S'- 8° FOR SPELDA POP 
h 12° FOR FAIRING POP 
45 
Laam = 4— 
= 5 
Fig. 3.2.2.а - Schematic of ventilation under fairing and SPELDA 
Issue 2 Rev. 0 3-9 


Environmental 
conditions 


Ariane 4 


3-10 


Ventilation characteristics 

e Main air inlet 2000 Nm?/h 
e Temperature between 13°С and 25°С 
e Accuracy +1°С 
e Cleanliness Class 100 000 
e Filtration 0.3 um 
e Filtration efficiency 98 % 
e Noise level (ref 2.10-5 Pa) < 90 dB 
e Internal air velocity 

e (оса! (A) = 5 m/s 

e _ average < 2m/s 


(stretched) mini SPELDA 


Prior to HO - 11h, through 
SPELDA door 600 Nm3/h at 
16°C 

After HO - 11h, (stretched) mini 
SPELDA ventilation is done 
through SPELDA top ventilation 
holes — commu-nicating with 
fairing compartment 


Small air flow rate 900 Nm/h at 16°C 
Large air flow rate 2000 Nm/h at 13°С 


MAIN AIR 
INLET 


ғ----------2 


| 


Fig. 3.2.2.6 - Schematic of ventilation under fairing and mini SPELDA or stretched mini SPELDA 
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3.2.5. Thermal flux from stage separation retro 
rockets 


The maximum flux is due to the second stage 
retro rockets. This flux is generated for the period 
of 1 second. Its maximum value, at the base of 
spacecraft, is: 

< 3 kW/m? 


(Flux is calulated оп a plane surface perpendicular 
to the longitudinal axis of the launch vehicle). 


Radial flux is less than 0.5 kW/m? 


3.3. Variation of static pressure within 
the fairing, SPELDA and SYLDA 


The static pressure evolution is shown figure 


The typical slope is 20 mbar/s (locally 32 mbar/s 
during transonic phase). 


3.4. Contamination and cleanliness 
3.4.1. 


The clean rooms of S1 and S3 buildings do not 
generate organic deposits exceeding 
2 mg/m^/week. 


Organic contamination on the spacecraft 


Ariane 4 and ELA 2 dot not generate organic 
deposits exceeding 4 mg/m? * on the spacecraft, 
from the begining of its encapsulation (closure of 
fairing or the SPELDA) up to its separation from 
the launcher. 


*Note: 

Made up of: 

- material outgassing < 2 mg/m?, 
interstage separation system < 2 mg/m?, 
the fairing and SPELDA pyrotechnic separation 
systems are leak proof and do not cause any 
contamination. 
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3.4.2. Air cleanliness 


In S1 and 53 buildings, in the spacecraft 
containers (CCU), inside the fairing or SPELDA, on 
the playload platform (PFCU) as well as during 
transfer between buildings, the air cleaniness 
class 100 000 is guaranteed. 


3.4.3. Design and test requirements for the 


spacecraft 
The spacecraft materials must satisfy the 
following outgassing criteria: 
Total Mass Loss (TML) < 196, 
Collected Volatile ^ Condensable Material 


(CVCM) x 0.196, 


measured in accordance with the procedure "ESA 
PSS-01-702". 


3-11 


Environmental Ariane 4 
conditions 


mb А PRESSURE 
A 40 Sun-Synchronous orbit 
—-—.-А42Р 
1000 eS --2-2---- A44P 


N % 
750 X М. 
\ 
\ №. 
500 N 


250 N 


ч 
`s. 
~ 
TIME 
0 25 50 7S 10 (5) 


Fig. 3.3.a - Variation of static pressure within fairing SPELDA and SYLDA 
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3.5. Radio 
environment 


and electromagnetic 


In order to ensure the radio compatibility 
between the launch vehicle and the spacecraft, a 
frequency plan is drawn up for each launch. The 
user will be required to supply all data needed 
for the preparation of this plan within the 
"Application to use Ariane" document (see 


chapter 6.2.1). 
Launcher 


The launch vehicle is equipped with the following 
transmission and reception systems: 


A telemetry system with the transmitter in the 
VEB and an antenna system comprising two 
antennae located on the external section of the 
VEB structure, having an omnidirectional 
radiation pattern and no special polarization. 

The transmission frequency is in the 2200 - 2290 
MHz band, and the transmitter power is 20 W. 
(Allocated frequencies to the Launch Vehicle are: 
2203 MHz, 2218 MHz and 2227 МН?). 


A telecommand-destruct reception system, 
comprising two receivers operating in the 400 - 
500 MHz band. Each receiver is coupled to a 
system of two antennae, located on the VEB, 
having an omnidirectional pattern and no special 
polarization. 


A radar transponder system, comprising two 
identical transponders with a reception frequency 
of 5690 MHz and transmission frequencies in the 
5400 - 5900 MHz band. The minimum pulsed 
(0.8 us) transmitting power of each transponder 
is 400 W peak. Each transponder is coupled to a 
system of two antennae, located on the VEB, 
with an omnidirectional pattern and clockwise 
circular polarization. 
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Range 


The range electromagnetic environment of the 
CSG is measured every 18 months. 


Spurious radiation interference levels from the 
launch vehicle and the CSG will not exceed those 
given in: 


Spurious radiation: 
narrow-band electrical field. 


- Figure 3.5.a. 


These levels are measured at 1 m above the 
mounting plane of the VEB structure. 


Specific spurious radiations, emanating from the 
launch vehicle transmission systems, in particular 
from telemetry system, are lower than these 
levels (harmonics included). 
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Fig. 3.5.a - Spurious radiation by Launch Vehicle and CSG 
Narrow-band electrical field 
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Chapter 4 


4.1. Introduction 


The design and dimensioning data that shall be 
taken into account by any User intending to launch 
a spacecraft compatible with the Ariane 4 launch 
vehicles are detailed in this chapter. 


Figure 4.1.а shows the launch vehicle coordinate 
systems. 
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4.2. Safety requirements 


The User is required to design the spacecraft in 
conformity with the CSG Safety Regulations. 
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R, L, T = Launch vehicle axes 


Xr, Yr, Zr = Fairing axes (Xr, Yr = Fairing vertical separation plane) 
X, Y, 2 = SPELDA, VEB axes 


UMBILICAL MAST Zn 


Fig. 4.1.a - ARIANE 4 Launch Vehicle Axes 
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4.3. Mechanical interfaces 
4.3.1. Payload compartment configurations 


For a single spacecraft launch, one of the available 
fairing designs protects the spacecraft mounted on 
top of an adaptor which can be a standard Ariane 
or User's design. 


For dual launch two configurations are available: 


SPELDA configuration: 

e for the upper spacecraft position, one of the 
two compatible fairing designs (type 01 and 
02) protects the spacecraft mounted on top 
of an adaptor (standard Ariane or User's 
design) fixed on to the SPELDA upper 
interface flange, 

• for the inner position, the SPELDA protects 
the spacecraft mounted on top of an 
adaptor (standard Ariane or User's design) 
fixed on the VEB interface frange. 


SYLDA configuration: 
• one of the two available fairing designs 
protects the dual launch system SYLDA. 


Nose fairing, SPELDA and SYLDA are described 
below. 


Nose fairing description: 

The Ariane 4 nose fairing consists of a two 
half-shell carbon fibre structure with a 
longitudinal Ariane type separation system. This 
nose fairing has an external diameter of 4 m. 


Separation of the nose fairing is obtained by 
means of a pyrotechnic cord, located close to 
the plane joining the two half-shells. 


This cord shears the rivets connecting the two 
parts, and imparts a lateral impulse to the 
half-fairings, driving them apart by a piston 
effect. The gases generated by the system are 
retained permanently inside an envelope, thus 
avoiding any contamination of the payload by 
the separation system. 


SPELDA supporting structure description: 

The SPELDA structure consists of a carbon fibre 
cylindrical shell supporting the fairing and 
enclosing the inner spacecraft, and an upper 
troncated conical shell supporting the upper 
spacecraft. 
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Separation of the SPELDA structure is achieved 
by means of a Linear Charge Cord Device 
(LCCD) which cuts the SPELDA structure along 
a horizontal plane, and springs impart a vertical 
impulse to jettison the SPELDA-top. 


SYLDA description: 

The SYLDA 4400 consists of a load-bearing 
carbon structure, comprising a conical adaptor 
carrying the inner spacecraft, and а shell, 
enclosing the inner spacecraft and carrying the 
upper spacecraft. The shell comprises two 
separable parts, held together in flight by a 
clampband. 


The attachment frames and separation systems 
for the upper and inner spacecraft are identical, 
and the interfaces at these points are the 937 
ones (shoe angle 20?). The two spacecrafts 
have no mechanical or electrical interfaces with 
each other. External ог internal spring 
configurations may be selected by the User for 
spacecraft separation. 
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Upper SYLDA Lower SYLDA 


Short SPELDA Mini SPELDA Stretched mini SPELDA 
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4.3.2. Spacecraft accessibility 


Spacecraft accessibility is provided through the 
fairing and carrying structures (SPELDA and 
SYLDA). For details, refer to Annex 5. 


4.3.3. Launch vehicle/spacecraft adaptors 


4.3.3.1. Introduction 


The spacecraft is mounted on the top of the 
launch vehicle via an adaptor. 


The standard interface plane between the launch 
vehicle and the spacecraft is the bolted interface 
plane with a diameter of 1920 mm. For mounting a 
spacecraft on this 1920 interface, the User can 
either utilize one of the standard Ariane adaptors 
in which case the spacecraft separation system is 
provided with the Launch Vehicle, or utilize any 
other type of adaptor compatible with the 1920 or 
2624 interface, in which case the separation 
system has to be provided by the User. 
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Another possibility is to utilize the VEB lower frame 
(2624 mm diameter interface), for which standard 
Ariane adaptors are also proposed. 


In all cases the mounting plane for the spacecraft 
is orthogonal to the Ariane longitudinal axis within 
+ 2 тга (milliradian). 


Standard Ariane adaptors (including SYLDA) form 
part of the launch vehicle. Other adaptors may be 
designed and manufactured by the User to mate 
with the bolted interface planes (1920 or 2624). 
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4.3.3.2. Standard Ariane adaptors 
(see annexes) 


- Adaptors 1194A, 1194B, 1194V. 

- Adaptors 937, 397C, 937V4 (shoe angle 
207). 

- Adaptors 9378, 9370, 937VB4, 937VD 
(shoe angle 15°). 

- SYLDA dual launch adaptor. 

- Adaptor 1663SP. 


- Adaptor 1666А. 


4.3.3.3. Other adaptors mounted on 
the 1920 diameter interface 
plane (see annex 6). 


Other adaptors than those described in the 
User's Manual can be used on Ariane. In 
such a case, the specification requirements 
are to be taken out the following 
applicable document : 


А4-5Т-0-Р-19-01 "Design specifications 
for spacecraft adaptor using 
© 1920 mm interface plane". 


This document has to be requested by the 
user from ARIANESPACE. 


Figures 4.3.3.3.a and 4.3.3.3.b show the 
volumes allowed to the spacecraft or 
adaptor on the vicinity of the 1920 mm 
bolted interface. 


4.3.3.4. Adaptors mounted on the 
2624 diameter interface plane 


see annex 6 


Other adaptors than those described in the 
User's Manual can be used on Ariane. In 
such a case, the specification requirements 
are to tbe taken out the following 
applicable document : 


A4-ST-0-P-19-02 "Design specifications 
for spacecraft adaptor using 0 
2624 mm interface plane”. 


This document has to be requested by the 
user from ARIANESPACE. 

Figures 4.3.3.4.а and 4.3.3.4.b show the 
volumes allowed to the spacecraft or 
adaptor on the vicinity of the 2624 mm 
bolted interface. 
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4.3.4. Usable volume 


Refer to annex 6. 
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GEOMETRIC CHARACTERISTIC SYMBOLS 
Symbols for shape and tolerances extracted from the R.E. AERO 772 75 specification approved by BNAe 


CHARACTERISTIC SYMBOL 


Straightness 


Flatness 


Roundness 


Form 
tolerances Cylindricity 


Profile of a line 


Profile of a surface 


Angularity 


Perpendicularity 


Parallelism 


Location 
tolerances 


Postion 


Concentricity 


Symmetry 


Run out 


A control symbol label is attached to the item subjected to the tolerance. This label provides for the necessary 


positions to specify the control symbols. 
Example 
== $ 601 |А |В 


Geometric characteristic / 1 \ Datum reference(s) 


symbol Tolerance (precedence left to right) 
їп тт 


Feature control symbol frame 


Basic dimension 


Theoretically exact dimension without tolerance 


Surface roughness symbol 


1.6 maximum value (when not otherwise specified) expressed in micrometers. (1 рт= 0.001mm) 


Projection ЕЗ © 
Inertias 


Relatives to axes parallels to the launch vehicle 
passing through the center of gravity of the 
considered section. 


Fig. 4.3.3.a - Explanation of Symbols and Topics 
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UPPER POSITION LOWER POSITION 
(DUAL LAUNCH) AX (SINGLE OR DUAL LAUNCH) 
| 
| 21.5° 


94000 Ext. 
03750 


FAIRING OR SPELDA 
STRUCTURE 


Mounting plane 
Fairing/ SPELDA 


VEB CONICAL STRUCTURE 
SPELDA STRUCTURE 


Mounting plane 
VEB/ Third stage 


DETAIL A 


ACU/ 01920 


Mounting plane Fainring/VEB х-987 


| Mounting plane 
| 1 
Mounting plane SPELDA/VEB x-1005 | 


-DETAIL A- 
-SECTION ADAPTOR REAR FRAME- 


@ Max. 1906 
DRILLING [01920 


H»100 


Overall tolerances = +0.1 


L (note 1) 


Mounting plane 


> 01850 


* Flat surface for head screw 01935+0.5 


Мое 1 : Applicable length L = 45 тт maximum 
Area : 330 тт? minimum 


Inertia х : 31200 mm? minimum 
Inertia у : 58000 mm? minimum 


Note 2 : А drilling template provided by ARIANESPACE has to be used 
Note 3: Centering 2 1902 is optional 


Fig. 4.3.3.3.a - 2 1920 Reference Frame - Spacecraft Side 


4-8 Rev. 0 


Issue 2 


Апапе 4 Spacecraft design апа 
dimensioning data 


Indexing pins 06 


| 
SECTION B-B 


91940 
Urilting |01920 


Р 40.37 
(2704 Centering 019020 
е Mounting plane 


$. 
5] 018200.5 


Overall tolerances= +0.1 


Fig. 4.3.3.3.b - @ 1920 Reference Frame Launch Vehicle Side 
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©3950 INT. 
04000 EXT. 


Note: Mounting Plane Fairing/VEB Х-987 
Mounting Plane SPELDA/VEB Х=1005 


1427 


730 
205 


Mounting plane VEB/Third stage 


Mounting plane Adaptor/VEB 


_ Spacecraft adaptor 


DETAIL A 


MEMBRANE 


Ж 
o _ Адаротуев SSS Ск 4: 
KS 
VA 
Note : 
Offset of load neutral axis 
and bolt axis at mounting plane D E ТА IL B 
Adaptor/VEB : d=0£5mm | А 
02624 Spelda Structure 


Mounting plane 
С д _ SpeldalVEB _ 


18 


Adaptor VEB 57:14 
+0 
02595 -0.5 


Mounting plane 
Fairing/VEB 


Fairing structure 


-0.24 
92641071 


Fig. 4.3.3.4.a - @ 2624 Interface Frame 
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SECTION A-A SECTION B-B 


Capt i ve-nut 2 Holes д9 40° 


Bushing self tapping 


10 Mini 


DETAIL Е 


Plate to stick 


02624 


7 (See Detail Е) 
Indexing Mark 


(4 Places) 


4 шау Spaced 
Stop Plates 


UNDERSIDE VIEW 


| 
\ 


\ 


SECTION C-C SECTION D-D 


30 bushing М6 
Self tapping 


480 Captive Nuts 
(eal e| | “Simmonds 8SF 5005” 
: 9 (180 Holes 0972) According to Drilling template 
N, 


Mounting Plane Adaptor / VEB 


Mounting Plane VEB / Third Stage = 


02624 йо) | 


Fig. 4.3.3.4.b - 2624 Interface Frame 
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4.4. Electrical and radio electrical 
interface 


4.4.1. Earth-potential continuity 


The spacecraft is required to have an 
« Earth» reference point close to the 
separation plane, on which a test socket 
can be mounted. The resistance between 
any metallic element of the spacecraft and 
a closest reference point on the structure 
shall be less than 10 mQ for a current of 
10 mA. 


Spacecraft structure in contact with the 
launch vehicle (separation plane of the 
spacecraft rear frame or mating surface of 
an user's adaptor) shall not have any 
treatment or protective process applied 


which creates a resistance greater than 10 то 
for a current of 10 mA between the spacecraft 
earth reference point and that of the launch 
vehicle (Ariane adaptor or carrying structure). 


4.4.2. Services available at the base of 
spacecraft adaptor 


This section defines the electrical services, which 
the User may request at the base of the 
spacecraft adaptor i.e. the @ 1920 mm bolted 
interface. 


Some of these services are standard (Std), others 
are optional (Opt). The mode of access to the 
service at the interface and the related 
descriptive paragraph references are as follows: 


Service Interface access Service definition Ref. Para. 
UMBILICAL LINK | 2 x 37 pin connectors 74 wires (Std) 44,21 
DBAS 74 37 OPW 
ОВА5 74 37 ОРҮ 
COMMANDS 2 x 37 pins connectors | Separation command (Std) 4.4.2.2. 
DBAS 74 37 OPN Pyrotechnic command (Opt) 4.4.2.2. 
ОВА$ 74 37 ОРМ Electrical command (Opt) 4.4.2.3. 
Dry loop command (Opt) 4.4.2.4. 
TELEMETRY 1х 19 pin connector | Separation status (Std) 4.4.2.5 
DBAS 74 19 OPN Power supply (Opt) 4.4.2.7 
In flight environment 
data (Std) 4.4.2.6 
Spacecraft data 
transmission (Opt) 4.4.2.6 


Note : 


The above listed services are also available at the 2624 mm mounting plane. Details of 


interface access and other characteristics will be provided to the User, on request, within the 


related Adaptor Design Specification. 
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4.4.2.1. Umbilical Link 


The principle of the umbilical links between a equipment located in the ELA-2 Launch Centre is 
playload on top of Ariane and its electrical support shown on fig. 4.4.2.1.a and 4.4.2.1.b. 


FAIRING UMBILICAL 
TOWER 


POE. FAIRING CDL (BHC) 


PAYLOAD 

MAST 

JUNCTION 

BOX 

CDL (BHC) 
or 

CMCU 
(COTE) 


VEB 
JUNCTION CDL 
BOX 


VEB 
EQUIPMENT 


4.4.2.1.a - Schematic of Spacecraft/Umbilical Mast J unction Box links 
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UMBILICAL 
TOWER Ol 
SPACECRAFT 
NE C PAYLOAD 

SPACECRAFT 

| MAST y CHECK OUT 

сп ET EQUIPMENT 
15m = 15 т 


Esos 


ў 


> Insulation «| 


> 5MQ under 500Vdc 


Ptbi 30 Screened insulated twisted pairs 0.93 mm? 

Ttbi 42 Screened insulated twisted triples 1.91 mm? 

Ttbi 30 Screened insulated twisted triples 6 mm? 

Cds 20 Insulated conductors 10 mm? 

Cds 22 Insulated conductors 16 mm? 

Coax 9 Coaxial links KX4 - (Zo = 50 Q) 


Fig. 4.4.2.1.b - Available lines between the BRCU and the Payload Mast J unction Box 
to be shared between various Users 
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The following links are available as a standard 
service between each spacecraft and the umbilical 
mast junction box: 


Characteristics of these umbilical 


4 shielded triples, 
30 shielded pairs, 
2 common ground. 


lines are as 


follows: 


п addition, coaxial 


all wires 0.93 mm’, resistance at + 20°C = 
0.022 0 /т 
insulation > 100 то under 500 М ас. 


lines are available in the 


umbilical cable between the launch vehicle and the 
umbilical mast. 


Operating constraints: 
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The wired connections shall not carry current in 
excess of 7.5A (per wire) with a maximum 
voltage limitation of 150 V. 


Each pair will be used bidirectionally for one 
function (command, measurement, power 


supply, etc.): 


Each triple will be used  bidirectionally 
(symmetrical or not) for опе function 
(command, measurement, power supply, etc.): 


Rev. 0 


- No current shall circulate in the screens. 
The User is responsible for grounding 
arrangements between the screens and the 
adaptor structure. 


- Spacecraft wiring insulation: > 10 mQ under 
50 V dc. 


4.4.2.2. Pyrotechnic command 


- The pyrotechnic command 
separation is a standard service. 


for spacecraft 


User designing its own separation system 
should contact Arianespace to obtain details of 
the characteristics of this command. 


- One additional command is available for a 

User's pyrotechnic system, as an optional 
service. 
This latter command can initiate 2 squibs and is 
fully redundant i.e. two totally separate lines 
provide the same command simultaneously, the 
power being supplied from separate batteries: 
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428V,15A = ———— r4 dd i 22. 
| | 

R1 AN 
FO LIH 
BATTERY | | 
1% Ја E сы!) 
! | | 
T | 

1 
10 КО ыры ы ш 22 
1 
NE 
2 x Squibs | 
| I 
+28 V, 15A EUM жалама EAD. 
| И I 
га | IN 
оо, | ! 
BATTERY | | | 
2 j | | 
9 \ l / 
Ме” 


10 ко 


R1 & R'1 ARMING RELAYS ; R2, #72, ВЗ & R'3 = COMMAND RELAYS; Вр = PROTECTION RESISTOR 


Main electrical characteristics: 

- Voltage (no-load): 28.8 V + 4V. 
Pulse Width: 300 ms. 
Output insulation > 100 MQ. 


Current delivered to each of the 4 squibs: >3A 
for load resistor Вс = 0.95 O to 1.150 and 


spacecraft line resistance RL<0.8 Q. 


4-16 


Interval between 2 commands: the minimum 
time interval between the end of a transmitted 
command and the beginning of the following 
one is 20 ms. 


The execution of the pyrotechnic command 
(pyrotechnic voltage at sequencing unit output) 
is transmitted to the ground via telemetry. 


On option, 5A commands can be generated. For 
details users should contact Arianespace. 
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Utilization constraints (S/C side) 


The insulation between wires (open loop) and 
between wires and structure must be > 10 MQ 
(under 50 Vdc). 


The user has to intercept the launcher command 
circuits (prime and redundant) in order: 
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to protect the S/C equipment, 

to allow the integration check-out, 
using a safety plug equipped with a shunt on 
S/Cside and a resistance of 10 О + 1% (50 W) on 
the L/V side (See fig. 4.4.2.2.a). 
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INTERFACES : 

- ACU/ SPELDA 

- ACU / VEB inner сопе 
-  SPELDA / SPELDA 

- BRACKET 100 


SPACECRAFT 


COC 


Dry loop 
command 


Electrical | 
огаег 


e 
100 Q + 196 
10 W 
Safety 
Plug 
Pyrotechnical 
order 
ii ІШЕ 
EN 
100 + 196 
WELL 
Шиен 


50 W 


Fig. 4.4.2.2.a - Principle of 5/С safety plug definition 
(Nominal and Redundant Channels) 
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4.4.2.3 Electrical command 


The User should contact ARIANESPACE to get 
detailed characteristics of this command. 

One redundant electrical command is available to 
the User, as an optional service. 


The command is initiated: 


- on the ground: via the VEB umbilical plug 
(simulated electrical order), 


in-flight: by the flight programme. 


The diagram shown below relates to one line of 
the redundant link. 


output voltage 28 V + 4 V 


S/C | ШМ 
Separation plane 


Output 


Ground 
command 


+ 28 V on board 


On-board 
command 
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V.E.B. Sequencing Unit 
С.О.С. 
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Main utilization constraints (S/C side) 4.4.2.4. Dry loop command 


The User should contact ARIANESPACE to get 
detailed characteristics of this command. One 
redundant dry-loop command is available to the 
User, aS an optional service. The command is 
initiated: 


The user is required to use two independent 
loads, one on each redundant line. If a unique 
load is used, then a protection circuit is 
necessary up-stream of the summing-up points. 


Each circuit must be in compliance with the 


following constraints: on the ground: via the VEB umbilical plug, 


in flight: via the flight programme. 


Current/time characteristics: 

The user is required to dimension his load 
circuit so that the current drawn remains below 
the following curve. 


The diagram shown next page relates to one line 
of the redundant link. 


MAX CURRENT 
mA 


Resistive load 


Inductive load 


100 1000 Sec 


e Protection: The User is required to protect 
the circuit against any overload or voltage 
overshoot induced by his circuits, both at 
circuit switchings and in the case of circuit 
degradation. 


e Insulation: The insulation between the 
circuit load and the structure must be 
> 10 MQ under 50 Vdc. 


e Electromagnetic compatibilty: These links 
must be in compliance with the specification 
MIL.SDT.462 Method CE01. 


The user has to intercept the launcher 
command circuits (prime and redundant) in 
order: 


e to protect the S/C equipment, 
® to allow the integration check-out, 


using a safety plug equipped by the user on the 


S/C side and a resistance of 100 О + 596 
(10 W) on the L/V side (See fig. 4.4.2.2.a). 
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VEB SEQUENCING UNIT Ground 
O.B.C. 01. C.0.C. command 


Mem. Way A 
Mem. Way B 


ON-BOARD 
COMMAND 


Main electrical characteristics: 
Кой > 10 MQ 

В on ground < 10 Q 

Ron board < 10 

On board circuit insulation: 
50 Vdc 

Utilization constraints (S/C side) 
U Мах < 45 V 

| Мах < 0.5 А 


> 10 MQ under 


Protection: The User is required to protect the 
circuit against any overload or voltage overshoot 
induced by his circuits, both at circuit switchings 
and in the case of circuit degradation. 


The user has to intercept the launcher command 
units (prime and redundant) in order: 


to protect the S/C equipment, 
to allow the integration check-out, 


using a safety plug equipped with an open circuit 
on the S/C side an a short circuit on the L/V side 
(See fig.4.4.2.2.a). 


4.4.2.5. Separation Status Transmission 


The VEB telemetry system sends status signals 
concerning satellite separation. Signals are initiated 
at the interface either by strap ог by 
micro-switches. 


4.4.2.6. In Flight Telemetry 


Transmission of data on the in-flight dynamic 
environment at the interface plane with the User is 
performed by the VEB Telemetry system. 
Transducers are provided with standard Ariane 
adaptors. 
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User side 


ТМ 


їп the case of a Users supplied adaptor, 
Arianespace will supply the User with transducers 
to be installed on the adaptor close to the interface 
plane. 


In the case of a single spacecraft launch, the 
provision of facilities for the in-flight transmission 
of spacecraft measurements can be studied, as an 
optional service, on a case by case basis. A User 
desiring to excercise such an option should contact 
Arianespace for interface characteristics. 


4.4.2.7. Power supply 


A VEB power supply (non redundant) is available 
to the User, as an optional service. The 
characteristics are: 


voltage: 28V x 4V 
current: < 0.7A for single launch 
< 0.35 A for dual launch 


Main Utilization constraints (S/C side) 


The User should contact ARIANESPACE to get 
detailed characteristics of this optional service. 


Protection: The User is required to protect the 
circuit against any overload ог voltage- 
overshoot induced by his circuits, both at 
circuit switchings and in the case of circuit 
degradation. 
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- In case of VEB degraded mode voltage 
limits can vary as much as: 


e Lower voltage: U = 24V 

e Upper voltage: U = 32V 

e Maximum over voltage: U = 35 V 

during 5 minutes 

In this case the selected protection device 
must remain fully operational if, during 
1 minute maximum, the S/C system 
consumption exceeds 10 96 of the authorized 
maximum. 


- Insulation: at interface level, the circuit 
insulation measurement should be as 
follows. 


R 


$ Utilization 


With В = 1MQ 
C x 1000 pF 


Note: Battery capacity mentioned above 
must be shared in case option 
described in para. 4.4.2.6 is also 
excercised. 


- Electromagnetic compatibility: these links 
must be in compliance with the 
specification MIL. SDT. 462 Method СЕ01. 
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4.4.3. — Electrical interface on standard 
Ariane adaptors 


Standard Ariane adaptors are equipped with 
harness providing connections between the 
services available at the adaptor 1920 mm 
or 2624 mm mounting plane, as described in 


the para. (4.4.2) and the spacecraft 


interface connectors. 


Table 4.4.3.а describes these interface 
connectors for each of the standard Ariane 
adaptors. All services available at the 
adaptor mounting plane (ref. para. 4.4.2.) 
can be routed to these interface connectors, 
the only limitation being the number of pins 
available in the interface connectors. 

The mechanical interface description of 
these connectors is provided in the related 
applicable sections of Ariane standard 
adaptors annexes. 


On the spacecraft side, the umbilical 
connectors brackets must be stiff enough to 
prevent any deformation greater than 
0.5 mm under the maximum force of the 
connector spring. 


Note: Arianespace will supply the User 
with the spacecraft side interface 
connectors with which standard 
adaptors have been qualified. 
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Available Adaptor 
Interface side reference 
connectors (male) 


Spacecraft 
side reference 
(female) 


Number of pins 
available 
to the User (3) 


Adaptors 1194 


2 connectors: 
27 pins each 


or 
37 pins each 


or 
61 pins each 


DBAS.025.82.1027 
DBAS.025.82.1127 


DBAS.025.82.1037 
DBAS.025.82.1437 


DBAS.025.82.1061 
DBAS.025.82.1461 


DBAS.7027.0SN 
DBAS.7027.0SW 


DBAS.7037.0SN 
DBAS.7037.0SY 


DBAS.7061.0SN 
DBAS.7061.0SY 


54 
see note (1) 


74 
see note (1) 


74 
see note (1) 


Adaptors 937 


2 connectors : 


27 pins each 
or 

or 
SYLDA 37 pins each 


DBAS.025.82.1027 
DBAS.025.82.1127 


DBAS.025.82.1037 
DBAS.025.82.1437 


DBAS.7027.0SN 
DBAS.7027.0SW 


DBAS.7037.0SN 
DBAS.7037.0SY 


54 
see note (1) 


74 
see note (1) 


2 connectors: 


27 pins each 
Adaptor 1666A or 
or 37 pins each 
Adaptor 1663SP 

or 

61 pins each 


DBAS.025.82.1027 
DBAS.025.82.1127 


DBAS.025.82.1037 
DBAS.025.82.1437 


DBAS.025.82.1061 
DBAS.025.82.1461 


DBAS.7027.0SN 
DBAS.7027.0SW 


DBAS.7037.0SN 
DBAS.7037.0SY 


DBAS.7061.0SN 
DBAS.7061.0SY 


54 
see note (1) 


74 
see note (1) 


74 
see note (1) 


Note : All contacts are in 0.93 mm. 


(1) Separation status is given by 2 microswitches routed separately. 
(2) Two pins of one 37 pin connector are required to be used for separation status. 
(3) Among these pins, two (one per connector) are to be reserved for shielding. 


Table 4.4.3.a - Interface connectors of standard Ariane adaptors 


4.4.4. Radio and electromagnetic constraints 


4.4.4.1. Fairing, 
transparency for 


SPELDA апа 
spacecraft 


SYLDA 
radio- 


communications. 


Radiotransparency of fairing and SPELDA can 
be achieved through radio transparent windows 
for fairing and through access doors for 
SPELDA enabling radio links to be maintained 
between spacecraft and ground support 
equipment. The insertion loss of the material 
used for a window will be less than 2 dB in the 
2 GHz - 15 GHz frequency range. 


The locations of @ 250 fairing windows are 
given in figure 4.4.4.1.а. The locations and 
dimensions of SPELDA access doors are given 
in annex 5. 


Radio transparency through SYLDA is ensured 
by holes in the structure. 
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A passive repeater system can also be installed 
inside the SPELDA or the fairing. It is composed 
of 2 cavity back spiral antennae and it is linked 
to the launch tower until lift-off. 


4.4.4.2. Operating constraints 


The spacecraft shall not radiate a narrow-band 
electrical filed at the level of the VEB exceeding 
the limit set in figure 4.4.4.2.a (including 
intentional transmission); 


A 20 dBuv/m level radiated by the spacecraft, 
in the launch vehicle telecommand receiver 
400-500 MHz band, shall be considered as the 
worst case of the sum of spurious level over a 
300 kHz bandwidth. 


Spacecraft transmitters have to meet general 
IRIG specifications. 
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Fig. 4.4.4.1.a - Locations of fairing radio-transparent window 
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4.4.5. Electrical and radio requirements 
for the launch phase 


Electrical requirements: 


The User shall design his spacecraft so 
that during the final preparation phase 
leading up to actual launch, the umbilical 
cables are carrying only very low currents 
at the moment of lift-off, (i.e. less than 
10mA - 50V for a resistive circuit). 
Spacecraft power shall be switched from 
external to internal and ground power 
supply must be switched off before lift-off. 


Radio requirements: 


135 - 139 MHz band: Spacecraft 
transmissions are not permitted during 
flight until separation time on orbit plus 
20 s. 
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In other bands there is a restriction on 
spacecraft transmissions up to 20 s after 
separation of spacecraft. Authorization to 
allow transmission during the countdown 
phase and/or flight phase and/or at 
spacecraft separation will be considered on 
a case by case basis. 


The housekeeping telemetry апа 
telecommand of the spacecraft may be 
subject to change on request of 
ARIANESPACE up to 20 months before 
launch. 


The spacecraft telemetry frequency band 
must not overlap the launch vehicle bands: 
2203 MHz + 250 kHz, 2218 MHz + 250 kHz 
and 2227 MHz + 250 kHz. 


Flight constraints: refer to para. 5.3.2.2. 


4-25 


Spacecraft design and Ariane 4 
dimensioning data 


2,20 GHz 3,60 GHz 
2,29 GHz 4,20 GHz 
150 on oo ooo 
| 11,70 GHz 
| 12,75 GHz 
| 
| | 
| | 
| | | 
100 | - | 
| | | 
Е | | 
E | | 
а | Г 
~ | | | 
Ж | | 
»| | | 
| | | 
| | | 
| | | 
| Џ | 
| | 
| | 
ЕЕ ТШ IE ВЫ 
ТЕ+04 1E+05 1E+06 1E+07 1E+08 1E+09 1Е+10 1E+11 


Frequency (Hz) 


Fig. 4.4.4.2.a - Spurious radiations acceptable to launch vehicle 
Narrow-band electrical field 
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4.5. Dimensioning 


This chapter defines the spacecraft design data 
and dimensioning criteria that shall be taken into 
account by any User intending to be compatible 
with Ariane 4 launch vehicles. 


In the following paragraphes the spacecraft station 
is defined as the top of the adaptor used. 


4.5.1. Center of gravity limits 


If Mcu < 2 000 kg and fiongit > 40 Hz, XG is to be < 
2,2 m (w.r.t. the @ 1920 mm bolted interface). 


For other S/C, see annexes refering to the 
adaptors. 


Static inbalance 


4.5.2. Spacecraft balancing* 


4.5.2.1. Static inbalance 


їп the same three-axis system О, X, Y, Z, the 
centre of gravity of the spacecraft must rest within 
a distance d < 10 mm from the axis OX. 


4.5.2.2. Dynamic inbalance 


For spacecraft which require to be spun up, the 
maximum dynamic inbalance & corresponding to 
the angle between the spacecraft longitudinal 
geometrical OX-axis and the principal roll inertia 
axis shall be: 


€< 1 degree. 
* It should however be kept in mind that this 


parameter is in direct relationship with the angular 
transverse rate after separation. 
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4.5.3. Frequency requirements 


To avoid dynamic coupling between the 
low-frequency vehicle and spacecraft modes, the 
spacecraft should be designed with a structural 
stiffness which ensures that: 


- the fundamental frequency in the lateral axis is 
above 10 Hz, 


the fundamental frequency in the thrust axis is 
above 31 Hz. 


This applies for a spacecraft hardmounted at 
separation plane. 


If the User supplies its own adaptor and separation 
system, the stiffness requirements defined in the 
design specifications for spacecraft adaptors (see 
para. 4.3.3.3. and 4.3.3.4.) must be fullfilled. 


For a single launch, lower figures can be accepted. 
This should be discussed with Arianespace so that 
appropriate analyses can be performed, in order to 
define the loading conditions more precisely. 


4.5.4. Dimensioning loads 


During flight, low frequency dynamic and steady 
loads are combined to produce the quasistatic 
loads (QSL). 


The design and dimensioning of the spacecraft 
primary structure must therefore allow for the 
most severe load combination that can be 
encountered at any given instant of flight. In this 
respect the most critical flight events are: 


during maximum dynamic pressure, 
just before thrust termination, 
during thrust tail-off. 


The corresponding flight limit loads are given in 
the table 4.5.4.a. 


Spacecraft design апа Ariane 4 
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These data are intended as a guide to be used for initial spacecraft design. 


Acceleration (g) Q.S.L. 
Flight event Longitudinal Lateral axis 


Maximum dynamic pressure - 3.0 +15 


Before thrust termination - 5.5 +1.0 


During thrust tail-off + 2.5 * +1.0 


The minus sign with longitudinal axis values indicates compression. 
Lateral loads may act in any direction simultaneously with longitudinal loads. 
These loads apply uniformely all over the primary structure of a spacecraft complying with: 


the frequency requirements of para. 4.5.3, 
the static moments of para. 4.5.1. 


* For spacecraft with first longitudinal frequency above 40 Hz, the "during thrust tail-off" tension value is 
following: 


Table 4.5.4.a - Flight limits loads 
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Dimensioning must take into account safety 
factors, which are defined by the Spacecraft 
Authority (Arianespace requires a minimum value 
of 1.25 at ultimate stress and 1.1 at yield stress). 


The secondary structures and flexible elements 
(e.g. solar panels, antennae and propellant tanks) 
must be designed to withstand the dynamic 
environment induced at the base of the spacecraft 
(as described in pare 3.1.) taking account of 
amplification resulting from the design of the 
spacecraft. 


Coupled loads analysis: 


The dynamic coupled load analysis (preliminary 
and final) carried out as part of the Mission 
Analysis studies (see Chapter 6.4) must be used as 
verification tools for the dimensioning of the 
spacecraft. 


A simplified coupled load analysis based on a 
parametric spring-mass model of the spacecraft 
can be requested at short notice (about one 
month). Contact  Arianespace for detailed 
specification. 


4.5.5. Overflux 


The maximum value of the circumferential flux, at 
the spacecraft / adaptor interface, induced by the 
spacecraft and taking into account its geometrical 
discontinuities (e.g. holes, stringers, ...) is allowed 
in local areas to be up to 10 percent over the 
dimensioning flux seen by the adaptor under limit 
loads condition. 


4.6. Spacecraft compatibility tests 


4.6.1. Spacecraft structural qualification and 
acceptance tests 


The Spacecraft Authority has to prove that the 
spacecraft structure is capable of withstanding the 
Ariane flight environment based on a coupled load 
analysis provided by Arianespace as well as the 
random, acoustic апа shock environment 


described in chapter 3. 


The spacecraft mathematical model to be provided 
by the User to Arianespace for carrying out the 
launch vehicle/spacecraft coupled load analysis has 
to be validated by test. 
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The spacecraft structural capability must be proven 
by adequate tests. The following classification 
corresponds to current practice: 


1) Structural Test Model approach 


e static, sine and acoustic (or random) 
qualification tests on structural test mode, 

e sine and acoustic (or random) protoflight 
tests (qualification level, acceptance 
duration) on first flight model, 

e acoustic (or random) acceptance tests on 
subsequent flight models. 


2) Protoflight Model approach 


e static qualification by heritage, 

• sine and acoustic (or random) protoflight 
tests on first flight model, 

e sine and/or acoustic (or random) acceptance 
tests on subsequent flight models. 


3) Recurrent spacecraft acceptance tests 


e acoustic (or random) 
or 
e sine and acoustic (or random). 


The mechanical environmental test plan for 
spacecraft qualification and acceptance shall be 
reviewed by Arianespace prior to implementation 
of the first test. The selected test must comply 
with the requirements presented from para. 
4.6.1.1. to 4.6.1.6. 


4.6.1.1. Static qualification tests 


On the basis of the Ariane quasi-static loads as 
described in para. 4.5.4. the User determines the 
dimensioning load cases to which the spacecraft 
structure will be subjected. The static tests shall be 
carried out without rupture up to flight limit loads, 
multiplied by a factor > 1.25. 
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4.6.1.2. Sinusoidal vibration tests 


Sine Frequency Qualification Acceptance 
range (Hz) levels (0-peak) levels (0-peak) 
(recommended) 
Longitudinal 5-6 8.6 mm lg 
6-100 1.250 19 
Lateral 5-18 lg 0.80 
18-100 0.89 0.69 
Sweep rate 2 oct./min 4 oct./min 


A notching procedure will be agreed on the basis | 
of the latest dynamic coupled load analysis 4.6.1.3. Transient Test 

available. Launch vehicle forcing function For detailed test definition, the User is requested 
discrepancies are taken into account in the CLA to contact Arianespace. 

results. In addition, а 1.25 safety factor will be 
applied in order to determine the maximum 
allowable notching levels for  protoflight ог 
qualification tests. 


4.6.1.4. Random vibration tests 


Random Frequency Density 
range (Hz) (g^/Hz) rms value (g) 
Qualification levels 30 - 150 + 6 dB/Oct 
(recommended) 150 - 700 0.09 11 
700 - 2000 -3 db/Oct 
Acceptance levels 30 - 150 + 6 dB/Oct 
150 - 700 0.04 7.3 
700 - 2000 -3 db/Oct 


The levels are identical for longitudinal and lateral vibrations. The test duration shall be 2 minutes per axis 
for qualification, and 1 minute per axis for acceptance testing. 


4.6.1.5. Acoustic vibration test 


Qualification Level Acceptance 
Octave band (recommended) level Test tolerance 
centre frequency (flight) 
(Hz) 0 dB : (ref. 2 x 10° pascal) 
31.5 124 120 -2, +4 
63 131 127 -1, +3 
125 139 135 -1, +3 
250 143 139 -1, +3 
500 138 134 -1, +3 
1000 132 128 -1, +3 
2000 128 124 -1, +3 
4000 124 120 -4, +4 
8000 120 116 -4, +4 
Overall 146 142 -1, +3 
level 
Test duration 2 minutes 1 minute 
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The tolerance indicated in the above table allows 
for standard test-equipment inaccuracy. 


Fill factor correction : special consideration shall be 
given to spacecrafts which fill factor, calculated as 
the ratio of the horizontal cross area of the 
spacecraft main body (without appendages) over 
the fairing/SPELDA section (@ 3900) is greater 
than 80 96 : + 5 dB at 31 Hz, + 5 dB at 63 Hz, 
+ 4 dB at 125 Hz and + 1 dB at 250 Hz. 


The test levels are to be measured, in the acoustic 
chamber, at a minimum distance of one meter 
from the spacecraft. User's wishing to apply a one- 
third octave band spectrum are requested to 
submit it to ARIANESPACE for comments. 


4.6.1.6. Shock test 


The spacecraft and, in particular, the equipments 
located close to the separation interface, must 
withstand the shock specified in para. 3.1.7. 
Spacecraft dimensioning must take into account 
this specification to define equipment base 
environment. The demonstration of the spacecraft 
ability to withstand this shock can be made : 
e either through а test and 
demonstration performed in two steps : 
- a shock test (generating a shock at the 
interface, typically by means of a separation 
system release test), during which interface 
levels and equipments base levels are 
measured. 
This test can be performed on the STM, PFM 
or on the first flight model, provided that the 
spacecraft structure close to the interface 
and the equipments locations апа 
mountings are the same as on the flight 
model. This test can be performed once, 
and the verification performed covers the 
spacecraft platform as far as no structural 
modification alters the validity of the 


analytic 


analysis. 
-an analytic demonstration of һе 
qualification of the equipment. This is 


obtained by comparing the component unit 
qualification levels to the equipment base 
levels experienced during clampband firing 
test (with the addition of a qualification 
margin, 3 dB recommended). This 
demonstration could be made by using 
equivalent rules on other environment 
qualification test (i.e. random or sine). 


• or based on multi clampband firing heritage 
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4.6.2. 


At User's request, the following tests can be 
arranged, based on the provision of specific Ariane 
hardware. 


Interface tests 


4.6.2.1. Mechanical compatibility tests 


Flight configuration test hardware can be provided 
for 937, 1194, 1663 and 1666 mm diameter 
interfaces, with associated separation systems and 
umbilical connectors, without cabling. 


4.6.2.2. Fit-check 


Ariane flight adaptors can be provided for 937, 
1194, 1663 and 1666 mm diameter interfaces, 
with associated separation systems and umbilical 
connectors, without cabling. For a SYLDA inner 
spacecraft, the inner flight SYLDA adaptor (SBI) 
can be made available for a fit check at the 
spacecraft integration plant. A fit check for a 
SYLDA upper spacecraft with the upper SYLDA 
flight structure (SH) is only possible at the CSG, at 
the beginning of the launch campaign. 


4.6.2.3. Volume compatibility test 


A SYLDA 4400 volume simulator (SVS) can be 
made available in order to verify that the 
spacecraft remains within the specified static 
envelope. This equipment may be needed to verify 
the accessibility of the spacecraft through SYLDA. 


4.6.2.4. Separation shock test 


Flight configuration test hardware can be provided 
for 937, 1194, 1663 and 1666 mm diameter 
interfaces with the associated separation systems 
and consumable items. 


It is recommended that this test be performed in 
conjunction with the mechanical compatibility 
check. 


4.6.2.5. Acoustic test 


Flight configuration test hardware can be provided 
for 937, 1194, 1663 and 1666 mm diameter 
interface for acoustic test, up to flight levels. 
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Launch operations 


Chapter 5 


5.1. General 


Ariane 4 launch operations are carried out by 
Arianespace from the Ariane Launch Site number 2 
(ELA-2), located at the Guiana Space Centre 
(CSG), in French Guiana. 


General information concerning French Guiana is 
given in Annex 2. 


Buildings and associated facilities available for 
spacecraft preparation are described іп the 
Payload Preparation Complex (EPCU) Manual 
(CD-ROM). 


Operations in the EPCU are carried out under the 
responsibility of Arianespace with the support of 
CSG teams. 


This chapter describes the typical spacecraft 
operations carried out in Guiana. 


5.2. Launch campaign organization 


During the operations at CSG, the User interfaces 
with the Mission Director (CM) representing the 
entire Launch Authority (Arianespace and CSG). 
The Mission Manager, the User's contact in the 
previous phases, maintains his responsibility for all 
the non-operational activities. 


The launch campaign organization is presented 
here below. 


Guiana Space 


Centre (EPCU 


Mission 


Director 


Mission 
Manager 2 
Mission 
Manager 1 


and general 
Facilities) 


Arianespace 
LAUNCH 
TEAM 
ELA (Kourou) 


Fig. 5.2.a. - Launch campaign simplified organization chart 
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5.3. Operational safety constraints 


The Safety Regulations define the rules applicable 
to all operations involving the use of hazardous 
systems or products, and the constraints to be 
observed in the definition and performance of 
launch vehicle and spacecraft operations. 


5.3.1. 


The Spacecraft Authority is responsible for all 
spacecraft and associated ground equipment 
operations. When potential sources of danger are 
handled by CSG personnel, operations remain 
under the responsibility of the Spacecraft 
Authority. 


Limits of liability 


Safety of the User's team comes under the general 
heading of safety of personnel working at the CSG, 
governed by CSG Safety Regulations. 


Any activity involving a potential source of danger 
is to be reported to CSG, which in return takes all 
steps necessary to provide and operate adequate 
collective protection equipment, and to activate 
the emergency facilities. 


Each member of the spacecraft team must comply 
with the safety rules regarding personal protection 
equipment This is checked by CSG, which gives the 
relevant clearance to start operations. 


On request from the User, CSG can provide 
specific items of protection for members of the 
spacecraft team. Upon arrival at CSG, spacecraft 
personnel will be given safety courses. In addition, 
training courses on the operations of range 
facilities will be given to appointed operators. 


All payload activities on the launch site are carried 
out in accordance with instructions given in the 
related procedures prepared by the User and by 
the Ariane Authority where combined operations 
are concerned. These procedures are approved by 
the CSG Ground Safety Department, and covered 
by formal authorizations. 


Ariane 4 
5.3.2. Constraints 
5.3.2.1. Ground Constraints 
From spacecraft encapsulation onwards, the 


launch vehicle and the payload (composed of one 
or more spacecraft) represent hazards for one 
another. 


Restrictions on payload operations and access may 
therefore be imposed during periods of combined 
operations due to safety constraints. 


Coordination is exercised by the Ariane Authority. 


5.3.2.2. Flight constraints 


- During the powered phase of the launch vehicle 
and up to separation of the payload(s), no 
telecommand signal can be sent to the 
payload(s), or generated by а spacecraft 
onboard system (sequencer, computer, etc...). 
During this powered phase a waiver can be 
studied to make use of commands defined in 
paragraph 4.4 providing that the radio electrical 
environment is not affected. 


After the powered phase and before the 
spacecraft separation, the commands defined in 
paragraph 4.4 can be provided to the 
spacecraft. 


- To command operations on the payload after 
separation from ће — launch vehicle, 
microswitches or telecommand systems (after 
20 s) can be used. Initiation of operations on 
the payload after separation from the launch 
vehicle, by а payload on-board system 
programmed before lift-off, must be inhibited 
until physical separation. 


НО - 1h30 mn 3" Stage burn-out Separation Separation + 20 s 
Telecommand NO NO NO YES 
S/C Sequencer NO NO YES YES 
L/V orders YES NO NO 
* WAIVER POSSIBLE 
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5.4. Spacecraft field and 


planning 


operations 


Definition of operations: 


Operations at the CSG are carried out in three 
phases: 

- Phase 1: spacecraft preparation and checkout 
(if needed). 


Phase 2: spacecraft hazardous operations (both 
phases are named POI). 


Phase 3: combined operations for spacecraft 
SPELDA/Fairing encapsulation (or SYLDA) and 
launch site (this phase is named POC). 


Phase 1 operations take place in S1 buildings at 
the CSG Technical Centre or in S3 buildings for the 
non hazardous operations. 


Phase 2 operations are carried out in S2, S3 and 
S4 buildings, located in the Ariane Launch 
Complex. 


Phase 3 operations take place in S3 Buildings and 
on the payload platform (PFCU) on the ARIANE 
Launch Site. 


Figures 5.4.a, 5.4.b and 5.4.c show the location of 
these facilities. 
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The spacecraft campaign duration, from 
equipment arrival in French Guiana until, and 
including, departure from Guiana, should not 
exceed 49 calendar days (45 days before launch, 
day of launch and three days after launch). 


A typical spacecraft operations time schedule is 
shown in figure 5.4.d. It is based on a daily two 
shifts, five days a week basis. 


A typical operations flow diagram is shown in 
figure 5.4.e. as a guide line. 


5.4.1. Phase 1: Spacecraft preparation and 
checkout (if needed) 


Details of port and airport facilities are given in 
Annex 2. Unloading is carried out by the port or 
airport authorities under the Users responsibility in 
coordination with Arianespace. Equipment should 
be packed on pallets or in containers and 
protected against rain and condensation. 
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Fig. 5.4.а – Guiana Space Centre (CSG) 
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Fig. 5.4.6 — CSG Technical Centre 


5-6 Rev. 0 Issue 2 


Ariane 4 Launch operations 


Fig. 5.4.c — Ariane Launch Complex n° 2 (ELA-2) 


Issue 2 Rev. 0 5-7 


8-6 


0 ^Y 


2 anss| 


цәипет jeng 


ARRIVAL 
п АТ САУЕММЕ 
© 
- -33 
n 
= P 
а. H 
! А ЅРАСЕСВАЕТ 
= Е PREPARATION 
< 
"a. 1 
e Бы 
t 
rm Р 
SPM 
EN Н | $2/54 
o PREPARATION 
Ф А 
a 
о) 
E 5 
о Е 
m FILLING AND 
3 INTEGRATION 
ct. 2 
S || 53 
чл 
ct P 
3 T ENCAPSU- 
о LATION 
п А 
5- 
о 5 
a A 
= E! 9 PRELAUNCH 
Ф t | ANDLAUNCH 
= H 
(D ACTIVITIES 
x 3 | SITE 
& 
3 
о м {тм 
о 
I» 


-13 -9 


M 


T 


м 


-15 


-10 


ОЕРАКТИВЕ 
FROM CAYENNE 


Working 
days 


БЕН ШЕШЕ, сес ЕЕ OCS 
[сс у ee O раина 


Calendar 


days 
+3 


- 
о 


suoneJedo uoune] 


ү oueuy 


Launch operations 


Ariane 4 
CAYENNE ^— —^ CAYENNE 
ROCHAMBEAU HARBOUR 
E SPACECRAFT + 
PREPARATION 51А / 518 
BUILDINGS 
PYROTECHNICS STORAGE MOTOR STORAGE 
1 | мым: qm 
Еш 

ЗРАСЕСВАЕТ 

СОМТАМЕ 

OR C.C.U. 
P SPACECRAFT 

FILLING AND 
H ASSEMBLY BUILDINGS 
A +5 / S3B in ENCAPSULATION 
Sr MOTOR PREPARATION 
S E CONTAINER BUILDING RAY BUILDING 
E о 
р ENCAPSULAT 
PAYLOAD 


Issue 2 


Fig. 5.4.e - Typical operations flow diagram 


Rev. 0 5-9 


Launch operations 


Ariane 4 


Cayenne port and airport are linked to the CSG by 
road. Transport within French Guiana is 
coordinated by the Ariane Authority and usually 
carried out by CSG (minimum speed 50 km/h). 


On arrival at the CSG Technical Centre, the 
spacecraft in its container, together with 
associated ground equipment, are unloaded in the 
S1 area Transit Hall. 


In the Spacecraft Operations Plan (POS), the User 
defines the way his equipment should be arranged 
and laid out in CSG buildings. 


The Ariane Authority is in charge of equipment 
unloading and dispatching operations. 


Solid motors in their containers are stored in SPM 
buildings of the ZSP. Pyrotechnic systems and any 
other hazardous systems of the same class are 
stored in the pyrotechnic devices buildings of the 
ZSP. Hazardous fluids are stored in the 
propellant-support zone of the Ariane launch site. 
Radioactive sources are normally stored in 51 
building unless otherwise specified by CSG Safety. 


The User states which equipment has to be stored 
in ап air-conditioned environment. Other 
equipment will be stored under open shed 
conditions. 


Spacecraft check-out equipment is accommodated 
in 51 building and connected to the CSG power 
and operational networks with CSG support. 


The spacecraft is removed from its container and 
deployed in the S1 clean room. This also applies 
for flight spare equipment. 


The spacecraft is assembled and undergoes 
functional checks (non-hazardous mechanical and 
electrical tests). Category B pyrotechnic items only 
may be integrated into the spacecraft in 51 
building. 


Appropriate operations interfacing with L/V 
operations are carried out during this phase (such 
as: mechanical fit check, electrical check out of 
flight adaptor and ground lines, etc ...). 


When all checks have been completed, the 
spacecraft is placed in its own container or in the 
Payload Container (CCU) for transport to the 
Ariane Launch Complex. 


A typical flow diagram of phase 1 operations is 
shown in figure 5.4.1.a. 
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If used, the equipments to be installed in the COTE 
are to be qualified either acoustic or random with 
respects to the following levels : 

e Acoustic (time duration 1 min) 


Octave 
bands 315 63 | 125| 250] 500 | 1000 | 2000 | Overall 


Levels (dB) 133 | 132| 128] 125] 123 122 | 118 137 
e Random 
Bandwith Overall level PSD Time duration 
(Hz) (9 eff) 
20 - 2000 12 0.0727 1 min on 3 axes 


5.4.2. Phase 2: Spacecraft hazardous operations 


Hazardous operations are carried out in S2 and S4 
buildings for solid propellant motors (SPMs) and S3 
building for spacecraft. Liquid propellant motors 
are prepared in a filling hall in S3 building. 
Validation of spacecraft ground equipment such as 
filling and pressurization systems are carried out 
by the Spacecraft Authority in S3 building before 
arrival of the spacecraft. The SPM is assembled to 
the spacecraft in the same hall of S3 building. 


The spacecraft operations performed in S3A/S3B 
buildings will be monitored from 53С building or 
direclty from S1. The associated Electrical Ground 
Support Equipment used during hazardous 
operations may be located in and operated from 
the control rooms of S3C building or directly 
operated from S1. 


Some phase 2 operations can be undertaken in 
parallel with phase 1 operations. 


A typical flow diagram of phase 2 operations is 
shown in figure 5.4.2.a. 
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Fig. 5.4.1.a - Operations phase 1: typical flow diagram 
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5.4.2.1. Pyrotechnic preparation 


Checks of pyrotechnic systems required before 
integration into the spacecraft are carried out in S2 
building. 


5.4.2.2. Preparation of SPMs 


Removal from store and transport to S2. 

SPMs stored in the SPM building of the ZSP, can 
undergo X-ray examination in S4 building, before 
or after transport in their containers, to 52 
building. SPM X-ray checks are carried out by the 
User with Ariane technical support. 


Preparation and checks. 

The SPM is assembled and checked The 
pyrotechnic motor ignition system is transported 
from the pyrotechnic devices building of the ZSP to 
52 building for check prior to assembly into the 
motor. 


Packing and transport to S3. 

When fitted with its igniter, the SPM is placed in its 
container and transported to the access airlock of 
53 building. 


Preparation for assembly. 

The SPM, with its igniter fitted, is removed from its 
container, and placed in one of the 53 Filling and 
Assembly Halls. 


5.4.2.3. Operations on spacecraft 
5.4.2.3.1. Transport and installation in 53 


The spacecraft in its container or in a CCU (see 
EPCU manual) is transported from building S1 to 
the access air lock of building S3 no earlier than 20 
working days before launch. It is then removed 
from the container, and placed in one of the filling 
and assembly halls. If S1 building is not used, the 
spacecraft in its container is transported directly 
from airport or habour to access dock of S3 
building, not earlier than 20 working days before 
launch. 


5.4.2.3.2. Fluid filling and pressurization 


The spacecraft tanks are filled and pressurized to 
flight level. 


When necessary, depressurization, purging and 
flushing operations may be carried out in a S3 hall. 
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Propellant fluid filling and pressurization operations 
are carried out by the User. The pressure and 
temperature monitoring equipment is located in 
S3C control room. 


Spacecraft batteries may be trickle charged in S3 
building, except during dynamic hazardous 
operations. 


Ground lines (continuity, insulation, etc ...) 
between S3 Buildings, hardlines and radio links 
between 53 and 51 buildings have been checked 
previously and certified by Arianespace (and 
witnessed by the Spacecraft Authority if so 
requested). 


5.4.2.3.3. Assembly of pyrotechnics, radioactive 
sources and miscellaneous items 


The assembly of various hazardous items 
(category A pyrotechnic devices, SPM, radioactive 
sources, etc...) into spacecraft is carried out in 53 
building. 


5.4.2.4. Final spacecraft assembly 
5.4.2.4.1. Balancing and weighing 


If required by the User, a balancing operation may 
be carried out on the spacecraft, with or without 
SPM and fluids, under the responsibility of the 
User, with CSG technical support. A weighing 
device is available in each Filling and Assembly Hall 
(the balancing machine is located in S3A). 


5.4.2.4.2. Checks and inspection 


Electrical, mechanical and arming checks are 
carried out in the 53 building assembly hall. A 
spacecraft final inspection is made before the 
beginning of the Combined Operations Plan 


(P.O.C.) (refer to chapter 6). 


5.4.3. Phase 3: Combined operations for 
Spacecraft/SPELDA-Fairing encapsulation and 
launch site 


5.4.3.1. Typical flow diagram of phase 3 
operations See figure 5.4.3.1.a 
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Fig. 5.4.3.1.a - Operations phase 3: typical flow diagram 
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5.4.3.2. Encapsulation phase 


The encapsulation phase is the first step of the 
"combined operations" and is carried out by 
Arianespace following the procedure presented 
here after. 


See figure 5.4.3.2.а for single spacecraft 
encapsulation and refer to figures 5.4.3.2.b and 
5.4.3.2.¢ when a dual spacecraft/ SPELDA-Fairing 
composite is to be launched. 


Each spacecraft with its adaptor is handled by 
means of its own handling equipment. For this 
reason spacecraft and spacecraft handling 
equipment must be capable of accepting an 
additional mass of 125 kg, corresponding to the 
spacecraft adaptor and the VEB inner cone (250 kg 
for ACU 1663SP). 


Ground lines, breakout boxes (continuity, 
insulation, resistance, patching,. ) between S3 
buildings, hardlines and radio links between S3 
and S1 Buildings have been checked previously 
and certified by Arianespace (and witnessed by the 
Spacecraft Authority if so requested). 


5.4.3.2.1. Typical Single spacecraft encapsulation 
sequence with SPELDA (see figure 5.4.3.2.a) 


After final inspection, the spacecraft is mated to its 
adaptor before being encapsulated in the fairing in 
S3B building. Using the  fairing handling 
equipment, the encapsulated spacecraft is placed 
on the trailer in the S3B airlock. 


5.4.3.2.2. Typical dual launch encapsulation 


sequence with SPELDA (see figures 5.4.3.2.b and 
5.4.3.2.C) 


After final inspection of both spacecraft, they are, 
in parallel, mated to their respective adaptor. The 


upper spacecraft, placed on SPELDA-top 15 
encapsulated in the fairing while inner spacecraft is 
placed inside the SPELDA cylinder. Inner 


spacecraft is finally covered by the encapsulated 
upper spacecraft. Using the fairing handling 
harness, the encapsulated payload is placed on the 
trailer in the S3B airlock. 
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5.4.3.2.3. Typical dual launch 


sequence with SYLDA 


After final inspection of both spacecraft, the 
SYLDA/ upper spacecraft / inner spacecraft 
composite is assembled under the responsibility of 
Arianespace in 53А (ог 538) Building On 
completion of assembly the composite, if 
necessary, is placed in the Payload container 
(CCU) and transported in 538 building Тһе 
composite is inspected and mated on the VEB 
inner cone and encapsulated in the fairing. Using 
the fairing handling equipment, the encapsulated 
payload is placed on the trailer in the S3B airlock. 


encapsulation 
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5.4.3.3. Transport of payload 


The Ariane authority is responsible for transporting 
the encapsulated payload on its trailer from S3B 
building to the Launch Pad. After uncoupling from 
the trailer at the bottom of the tower, the 
encapsulated payload is hoisted onto the PFCU 
level and lowered onto this platform. 


5.4.3.4. Assembly to the launch vehicle 


Mating of the encapsulated payload onto the 
launch vehicle is achieved through a_ bolted 
interface. This is an Arianespace responsibility. 


After the payload is mated on the launch vehicle, 
ventilation is provided through the pneumatic 
umbilical(s). 


5.4.3.5. Preparation and checkout of the 
payload 


Umbilical cabling (continuity, insulation, etc...) and 
radio links have been checked previously and 
certified by Arianespace (and witnessed by the 
Spacecraft Authority if so requested). 


A functional check of each spacecraft is carried out 
in accordance with the combined activities time- 
schedule, together with certain routine operations 
(leak test, battery charging, visual inspection). 


Before arming X operations, a combined 
launcher/payload stray voltage test may be 
performed depending on EMC analysis; this implies 
both launch vehicle and payload radio systems to 
be activated. 


Spacecraft activities have to allow for launch 
vehicle accessibility and radio-silence constraints. 


An "inert" spacecraft has no active sub-system. А 
spacecraft on standby is defined as presenting a 
steady state (no mechanical or electrical change of 
state), with no radio transmission. Trickle charging 
of batteries is admissible, and radio receivers may 
be permanently switched on. These conditions are 
discussed at the time of the safety submissions 
and finalized in the Combined Operations Plan 
(POC). 


Arming and disarming checks of hazardous circuits 


are carried out by the User after clearance by the 
COEL with Safety Officer's agreement. 
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5.4.3.6. Launch rehearsal 


A launch rehearsal is held at J-3 with the servicing 
tower remaining around the launch vehicle. This 
rehearsal implies the activation of all electrical and 
mechanical facilities involved in an Ariane launch 
together with the spacecraft ground network(s), in 
order to validate all the interfaces. The HO instant 
will be discussed with the User, usually set at 
06:00 pm. 


5.4.3.7. Checkout and preparation before 
launch countdown 


The spacecraft can be checked out via cable 
and/or radio links, at authorized times. 


At J-2 the sequence of arming operations is the 
following: 


Arming phase 1 for the launch vehicle (fitting 
and connection of the launch vehicle 
pyrotechnic devices). During this operation, 
access to the spacecraft is prohibited and 
radio-silence is required. 


Fitting of the spacecraft flight plugs (the 
spacecraft must be inert or in standby mode). 


Closure of the spacecraft access door(s) on the 
fairing or SPELDA no more access to the 
spacecraft until launch). 


Arming phase 2 for the launch vehicle (fitting of 
the flight arming plugs). 


5.4.3.8. L/V 
operations 


Storable propellants filling 


These operations consist in filling the launch 
vehicle first stage, second stage, and PAL; this part 
is independent of the final countdown sequence. 
There is no access to the spacecraft during these 
operations. 


5.4.3.9. Launch. countdown sequence (see 
figure 5.4.3.9.a) 


The final countdown sequence starts at about 
H0-11 hours. 
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During 
applying to the spacecraft are the following: 


this sequence, the main constraints 


Spacecraft RF and functional tests: 

RF and/or functional tests may be performed at 
any time between JO start of the countdown 
and HO - 1 h 30. 


SPM arming (if necessary) 
SPM arming phase starts at either H0-50 or 
H0-45 minutes 


Spacecraft RF flight configuration 

The final RF flight configuration set up must be 
completed before Н0-1130 and remains 
unchanged until 20 s after separation. 
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L/V automatic sequence 
Initiated at HO-6 minutes. 


Spacecraft internal power switch on 

The external/internal power switch on phase is 
performed such that the spacecraft must be 
ready for launch by H0-3 mn 40 s latest. 


Countdown hold 

In case of stop action during the final 
sequence, the spacecraft can be reconfigured in 
external power supply, and the count down 
clock is set back to H0-6 minutes. 


Spacecraft stop action 


The spacecraft stop action is activated until 
H0-9 seconds. 
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5.5. Operational organization 


Responsibilities are defined as below: 


PDG 


DMS 
(User) 


CPS 
(User) 


Note: 


RPS 
(User) 


RCUA 
(AE) 


ARS 
(User) 


CPAP 


(AE) 


CG/D 
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Arianespace - Chairman Of the Board and 
Chief Executive Officer (responsible of the 
Arianespace's commitments - Flight 
Director) 


Spacecraft Mission Director 

("Directeur de la Mission Satellite"). 
Responsible for checking the compatibility 
of his spacecraft mission objectives with 
the capability of the launch system. The 
CM may not proceed with the launch 
without the agreement of the DMS. 


Spacecraft Project Manager 

("Chef de Projet Satellite"). 

The CPS delegates preparation, activation 
and checkout of the spacecraft to the 
Spacecraft Preparation Manager (RPS). 


The DMS or CPS is responsible for 
synthesis of reports (spacecraft 
preparation and satellite orbital ground 
station network). 


Spacecraft Preparation Manager 
("Responsable de la Preparation Satellite"). 
Responsible for the preparation, activation 
and checkout of the spacecraft. 


Ariane Payload Manager 

("Responsable Charge Utile Ariane"). 
Responsible for the compatibility between 
the launch objectives and the Ariane 
Launch system. 


Satellite Ground Stations Network Assistant 
("Adjoint Reseau Stations sol satellite") 
Responsible for liaison between the CSG 
control room and the Satellite Orbital 
Operations Centre. 


Ariane Production Project Manager 
("Chef de Projet Ariane Production") 
Responsible of the Ariane Design 
Authority. 


Range Director. 

Delegates: 

1) preparation, activation and operational 
coordination of the CSG facilities and 
Ariane down-range stations to the Range 
Operations Manager (DDO). 

2) safety of persons and property to the 
Safety Officer. 


CM 
(AE) 


DDO 
(CSG) 


RMCU 
(CSG) 


RS 
(CSG) 


COEL 
(AE) 


ACU 
(AE) 


ISLA 
(CSG) 


ISCU 
(CSG) 


Mission Director 

("Chef de Mission") 

Responsible for preparation and execution 
of the launch campaign. 


Range Operations Manager 

("Directeur d'Operation") 

Responsible for the preparation, activation 
and operational coordination of the Range 
facilities and Ariane down-range stations. 


Payload facilities Manager 

("Responsable des moyens charge Utile") 
Responsible for EPCU maintenance and 
operation technical support. 


Safety Responsible 

("Responsable Sauvegarde") 

Responsible for the safety of persons and 
property. 


Launch Site Operations Manager 

("Chef des Operations Ensemble de 
Lancement") 

Responsible for the preparation, activation 
and checkout of the launch vehicle and 
launch-complex facilities. Coordinates all 
operations on the launch pad (Launch 
Tower and Launch Centre). 


Payload Deputy 

("Adjoint charge utile"). 

COEL assistant for the Launch 
System/Payload combined operations 
coordination. 


Launch Area Safety Officer 
("Ingenieur Sauvegarde Lancement"). 
Represents the Safety Officer on the 
launch site. 


Payload Safety Officer 

("Ingenieur Sauvegarde Charge Utile"). 
Responsible for control of the payload 
hazardous operations. 


A typical operational countdown organization is 
presented figure 5.5.a. 


A typical control centre configuration for the above 
personnel during countdown is shown in figure 


5.5.b. 
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5.5.a - Typical operational countdown organization 
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5.5.b — Typical control centre configuration for Ariane Launch 
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5.6. Launch constraints 
5.6.1. Launch Window 


5.6.1.1. Definitions 


a) 


= 


о 
— 


о. 


D 


© 


Launch Period: 

A period of two consecutive calendar months 
which will allow the launching of a User's 
spacecraft with daily Launch Window 
possibilities. 


Launch Slot: 
One calendar month within a Launch Period. 


Launch Day: 

The day of the Launch Slot, during which the 
Launch Window starts, selected for launching 
Ariane and its payload with the agreement of 
the User(s) and Arianespace. 


The latest acceptable Launch Day is scheduled 
10 days earlier than the end of the Launch Slot. 


Instant of launch 

Launch vehicle lift-off time, defined in hours, 
minutes and seconds, within one Launch 
Window. 


Satellite Injection Window(s) (SIW): 
Daily limited window(s) during which satellite 
injection into the required orbit is achievable. 


Launch Window(s) (L/W): 

A Launch Window starts at the beginning of the 
Satellite Injection Window(s) advanced by the 
Ariane powered flight time. 


Daily L/W duration is identical to SIW duration. 


Launch capability: 

The launch capability starts on completion of 
3rd stage filling (normally H0-105 minutes) and 
terminates at the end of the LWs requested by 
the User. This launch capability can amount to 
5 hours. 


5.6.1.2. Procedure for dual GTO launches 


The satellite reference dual launch window will 
be presented in the DUA and will be agreed 
upon by the Customer and Arianespace at the 
Preliminary Mission Analysis Review. The 
calculation will be based on the following 
reference orbit and time. 
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Reference time: Time of the first passage at 
orbit perigee in UT hours. This first passage 
may be fictitious if injection occurs beyond 
perigee. 


Reference orbit (osculating parameters at first 
perigee except for apogee altitude): 


Apogee altitude: 35 786 km at 
apogee 6 

Perigee altitude: 200 km 

Inclination: 7? 

Argument of perigee: 178? 


Longitude of descending node: 11? West (with 
reference to 
Greenwich 
Meridian) 


The final launch window calculation will be 
based on actual orbit parameters in terms of 
lift-off time. 


The final launch window will be agreed upon by 
the Client(s) and Arianespace at the Final 
Mission Analysis Review and no further 
modification shall be introduced without the 
agreement of each party. 


5.6.1.3. Constraints for dual GTO launches 


The Ariane Authority requires daily common launch 
windows of at least 45 minutes in order to allow 
the possibility of a minimum of two launch 
attempts every day. 


In order for this requirement to be met, the 
spacecraft launch window corresponding to the 
reference orbit and time defined above must 
contain at least the window described in Fig. 
5.6.1.3.a for the launch period of interest. 


Note: 


The physical and mathematical definition of the 
minimum window are as follows: 
The daily window is 45 minutes long. The 
opening of the window corresponds to a solar 
aspect angle of 65? with respect to the 
reference AMF attitude which permits 
instantaneous transfer from the reference GTO 
orbit to geosynchronous orbit at apogee 6 
(when the line of apsides is colinear with the 
line of nodes). 
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Reference AMF attitude: 

Right ascension: perpendicular to radius vector 
at apogee 6 

Declination: - 7.45° with respect to equatorial 
plane 


5.6.1.4. Constraint for single GTO launches 


The daily launch window will be at least 45 
minutes long in one or several parts. 


5.6.1.5. Constraints for non GTO orbits 


At User's request, daily launch windows shorter 
than 45 minutes may be negociated after analysis. 


5.6.2. Launch postponement 


If the launch does not take place inside the Launch 
Window(s) of the scheduled Launch Day, the 
launch will be postponed by 24 or 48 hours 
depending on the situation, it being understood 
that the reason for postponement has been 
cleared. Launch time (НО) is set at the start of the 
new Launch Window and the countdown is 
restarted at about HO - 11 hours. 


At the end of a Launch Window during which 
launch has not taken place, and assuming the 
irreversible phase of the automatic sequence has 
not been reached (HO - 5 seconds), the following 
operations are carried out: 


a) spacecraft switching on external (and remote 
controled desarming of the АКМ, when 
applicable), 

b) draining and flushing of 3rd stage, 

c) depressurization of the 1st and 2nd stages, 

d) return of the gantry around the launch vehicle, 

e) launch vehicle, payload and ground facilities 
placed in countdown-hold configuration. 


The payload may be maintained in the stand-by 
mode during all these operations. 


5.6.3. Engines shutdown before lift-off 


If first stage engines have been shutdown before 
lift-off, a new launch can be scheduled, within a 
minimum time period of 13 days. 


Since 3rd stage filling arms will have been 
retracted, a much longer emergency draining 
procedure is necessary, as a result of which the 
gantry cannot be brought back around the launch 
vehicle until approximately 30 hours after the 
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unsuccessfull launch attempt. However the 
payload compartment remains air-conditionned 
and electricaly connected, to the ground support 
equipment. In this configuration, unless anomalies 
were experienced on the post aborted launch 
check-out, it will remain on the 3rd stage until the 
next launch attempt. 


5.7. Orbital operations support network 


Satellite orbital operations are not an Arianespace 
responsibility. 


However Arianespace can help the User to define 
and/or choose the orbital operations support 
network which best suits his requirements. 


5.8. Evaluation of parameters at injection 


Between HO + 40 minutes and HO + 1 hour the 
Ariane Authority will provide the User with a 
composite satellization diagnosis. This information 
includes an estimate of orbital parameters at 
injection (8rd stage cut-off) and 3rd stage attitude 
just before payload separation (see also para. 
6.4.6.1). 
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Fig. 5.6.1.3.a - Minimum launch window at first perigee passage 
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Chapter 6 


This chapter describes the documentation which 
will become applicable when the Ariane launch 
system is adopted by a User. 


6.1. The Ariane mission integration 
schedule 


The documentation system and activities 
associated with an Ariane mission typically cover a 
24 months period as shown in figure 6.1.a. This 
schedule may be modified to suit the User's 
requirements. 


The activities shown in figure 6.1.a are typical for 
a first-time Ariane mission; repeat missions of an 
identical nature may only require the reviews and 
an update of the analyses and associated 
documents. 


6.2. Interface management 


Interface Management is based on the Interface 
Control Document (DCI) which is issued by 
Arianespace using inputs extracted from the 
technical annexes of the Launch Service Contract 
and from the "Application to Use Ariane" (DUA) 
provided by the User. 


6.2.1. Application to use Ariane 


("Demande d'Utilisation Ariane" - DUA) 
Refer to annex 4. 


The User is required to issue a DUA in which the 
spacecraft interfaces with the launch system are 
defined i.e.: 


a) Mission characteristics (orbit, orientation at 
separation, operations after separation,...), 


b) Spacecraft data (mass, alignment, inertias, 


geometrical data, electrical апа radio 
electrical interfaces, hazardous systems,...). 


Issue 2 


с) Launch preparation at CSG (use of EPCU 
buildings including storage areas, 
communications networks requirements, 
spacecraft prelaunch operations on the launch 
site and countdown operations). 


d) Spacecraft development and test plan. 


DUA detailed contents list can be provided to the 
User on request. 


6-1 


c-9 


0 “ACY 


2 9nss] 


$мә!лә1 pue чоцеҙиәшпоор Jo ә|прәцә$ euin еа – e'T'9 "Бы 


Months 


| jsp 


AC to use Ariane 


224 M б ey t Nae Aiea AD = E сөнер dl emus 


ЕЕ ПЕРИ ЕТ ve 7 ЕШ ЕТ И без [12 | 14 | 


' Data for final ' 4 Flight prog. ч 
г -mission analysis- -, - - -даја - - 2/0- - ; - - 


Mission analysis : енен A 
. Trajectory у А d ; Lor 6 
' ' en Final i ; i ) ресе тағ оар ' ' 
К нае НАМЕ руй modet с КЛ 222227 
асо О наанаа а 
: Ңайо compatibility у д У қ Е = ee ; 
А Thermal coupled TUS “Thermal у ) 
PUT Е cue ‘Test аа ПА И У ЛА SERT S А МАДЫ ЖА г Qualif. environment test report - - - - - - > - - 
ee тае Ка eho Зы ЗК RE INE EE ERAN а рака Е EM Eos eio +: Acceptance test report ше 
ІРО 
Weems PO 
Combined operation Procedures 5 у 2 ДерРО 
- Веру------ Ee NO ораз 
Safety submissions Phase 1 : : 
Е К кру уы оре ы РИ ары EMT 
Safety eubmígstone Phase 2 
“ОЛОК Аааа gece A E E EE ENA S Reply - 
- -LAUNCH 
о cea 22%. RAMP -..‹.ВА\/.. RAL 
Reviews р ' ) ) ) ] © ] р ' ] 
: URN dy BEND. Loo TERREA OS ESO и. 
j у ў у ' р р pre-shipment 
= ААА аа 549 з= review 


* {һе s/c mec. qual. approach chosen will dictate 


the s/c models and CLA results exchange dates 


џодејиошп2од 


р диви 


Апапе 4 


Documentation 


6.2.2. 
("Dossier de Contrôle d'Interface" - DCI) 


Interface Control Document 


Arianespace prepares the DCI in response to the 
DUA and the technical annexes of the launch 
Service Contract. Тһе DCI collates all interface 
requirements common to the launch system and 
the spacecraft, and illustrates their respective 
compatibility. 


The ОС! is approved by both Arianespace and the 
User and is maintained under formal configuration 
control until the launch. 


After approval, the DCI becomes the basic and 
sole working document with respect to technical 
aspects and identification of the operational 
activities. 


6.3. Safety Baseline Documents 
6.3.1. Geneeral 


CSG is responsible for drawing up Safety 
Regulations, and ensuring that they are observed. 
All launches from the CSG require approvals from 
Ground and Flight Safety Departments; these 
approvals cover launch vehicle-payload hazardous 
systems and the flight plan respectively. In order 
to obtain this approval, a User has to demonstrate 
that his equipment and its utilization comply with 
the provisions of the Safety Regulations. This 
demonstration is achieved in a number of stages, 
by the submission of documents defining and 
describing the hazardous elements and their 
operation. Submission documents are prepared by 
the User and forwarded to the Ariane Authority. 
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6.3.2. Submission procedure 


This procedure, defined in  C.S.G. Safety 
Regulations RS, CSG Vol.2 Fasc.3 and 
summarized hereafter, aims at а mutual 


understanding of problems, and their solutions, 
from the start of the project onwards in order to 
avoid loss of time and money resulting from the 
need for late modifications to the design or 
manufacture of systems classified as hazardous by 
CSG. Documents related to a given project are 
submitted in three phases: 


Phase 1 Submission: 


The User prepares a file containing all the 
documents necessary to inform CSG of his plans 
with respect to hazardous systems. 

This file contains a description of the hazardous 
systems. It responds to all questions on the 
hazardous items check list given here after. 


A safety check list is given in the CSG Safety 
Regulations to help for the establishment of 

the submission documents, its deals with the 
following topics: 
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1. ELECTRO-EXPLOSI VE DEVICES 

1.1. Description 

1.2. Location, function, date and place 
where fitted to spacecraft 

1.3. Safety 

2. SOLID PROPELLANT MOTORS 

2.1. International classification 

2.2. Manufacturer and references 

2.3. Has it been used previously ? 

2.4. Description 

2.5. Ignition system 

2.6. Firing and monitoring circuit 

2.7. Storage and transfer containers 

2.8. Associated ground support equipment 

3. LIQUID PROPELLANT MOTORS 

3.1. Nature and quantity of propellants 

3 2. Propulsion system 

3 3. Associated ground support equipment 

4. ATTITUDE CONTROL (see § 3) 

5. PRESSURE LEVELS 

5.1. Nature of fluids 

5.2. Tanks 

5.3. Associated ground support equipment 


The document shall cover all safety related 
activities: component choice, safety and warning 
devices, fault trees for catastrophic events, and in 
general all data enabling risk level to be evaluated. 
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6. GROUND SUPPORT EQUIPMENT 
7. BATTERIES 
7.1. Type, description 
7.2. Pressurization ($ 5) 
7.3. Hazardous fluids 
7.4. Charge 
8. RADIATIONS 
8.1. Non-ionising radiations 
8.2. lonising radiations 
9. INTERFACES 
9.1. Mechanical interfaces 
9.2. Electrical interfaces 
10. MISCELLANEOUS 
- Waivers 
- Other safety problems not so far 
dealt with 
CSG will study this submission, classify the 


hazardous systems described, and declare any 


special 


requirements imposed Бу its Safety 


Departments. 
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Phase 2 Submission: 


The User submits the hazardous systems 
manufacturing, qualification and acceptance 
documentation as soon as it becomes available. 
This must satisfy the requirements laid down by 
CSG at the end of Phase 1. This documentation 
gives the requirements for providing EPCU 
equipment or facilities to be used during the 
launch campaign, and all other documents 
required by CSG during phase 1 and 2 
submissions. It also defines the policy for checking 
and operating all systems classified as hazardous. 


CSG checks that the documentation delivered in 
phase 2 complies with the requirements specified 
in Phase 1, states its intentions concerning 
verification of systems classified as hazardous, and 
defines the draft procedure to be applied during 
spacecraft activities in Guiana. 


Phase 3 Submission: 


SAFETY SUBMISSIONS TIME SCHEDULE 


The User submits a verification and operating 
procedures for systems classified as hazardous, 
with detailed description of verification policy and 
its execution. 


After implementation of all changes that are 
considered necessary, CSG accepts the procedure. 
This becomes the sole authorized document to be 
applied by the User during the launch campaign, 
under the supervision of CSG Ground Safety 
Department. 


6.3.3. Time schedule for safety activities 


It is of general interest that the User completes 
the safety questionnaire well ahead of the formal 
submission phases, so that the earliest possible 
allowance can be made in designing the spacecraft 
on-board and ground equipment. 


The following time-schedule for formal submissions 
shows the requested deadlines working backwards 
from the launch date L. 


Typical schedule 


Safety Submissions 


Spacecraft Milestone 


L-24 months 
L-21 months (or 3 


procedures 


Earlier than L-24 months | Phase 0 preliminary submission 


Phase 1 submission 
Response to phase 1 submission with 


months after classification of hazardous systems экы 
ѕиртіѕѕіоп рһаѕе 1) РОВ 
As soon as available Phase 2 submission (definition documents 

for systems classified as hazardous) 
3 months later Response to phase 2 submission a CDR 
L-8 months Phase 3 submission (hazardous — 
L-3 months procedures) CSG approval of hazardous RAVS 


Contract 


Note: For an already developed spacecraft, phase 1 and phase 2 submissions are initiated as soon as the 
documentation is supplied by the User. The Safety Departments response is then provided within 3 
to 4 months in order to be available for the spacecraft CDR. Such a short safety procedure allows 
the launch of a qualified spacecraft to be considered only 12 months after the Ariane launch system 


has been selected by the User. 


Safety meetings between CSG safety departments and the User are recommended before CSG's 


response to submission phases. 


Issue 2 


6-5 


Documentation 


Ariane 4 


6.4. Mission analysis 


6.4.1. Introduction 
A Mission Analysis is conducted to ensure that the 
mission objective can be achieved (reliable 


spacecraft injection into the required orbit and in 
the correct attitude). 


The studies relate to flight plan and environment 
and are organized in two stages: 

- A Preliminary Mission Analysis mainly concerned 
with the compatibility of the spacecraft design 
with the Ariane environment (see para. 6.4.2). 

- A Final Mission Analysis mainly concerned with 
the actual flight plan and the final flight 
predictions covering, when applicable, the dual 


launch configuration (see para 6.4.3). 


At the completion of each step, a Mission Analysis 
Review (RAM "Revue d'Analyse de Mission") is held 


based upon the issued Mission Analysis 
Documentation (DAM "Dossier d'Analyse de 
Mission"). 


6.4.2. Preliminary Mission Analysis 


Arianespace performs a Preliminary Mission 
Analysis which includes the following studies: 


preliminary trajectory and mission sequence, 
preliminary flight mechanics study, 

preliminary dynamic coupled loads analysis, 
preliminary radio frequency compatibility study. 


In the case of a non-standard GTO mission the 
preliminary trajectory study enables the 
feasibility of the required orbit and the 
associated performance margin to be 
established. The resulting trajectory is then 
used as input data for various analysis such as 
orbit dispersion, loads, thermal, separation 
sequence and safety. 


— 


For a standard GTO mission, the standard 
trajectory document is issued to the User. 


— 


The preliminary flight mechanics study allows 
Arianespace to: 
verify the 
orientation, 
define the necessary separation energy, 
verify the clearance at separation, 

determine the kinematic conditions after 
separation, 

issue a preliminary sequence of events, 


• feasibility of the required 
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e verify the orbital long-term clearance; in the 
event that a problem area is identified, 
corrective action will be recommended to 


the User. 


c) The preliminary dynamic coupled load analysis 
allows Arianespace to produce the first 
prediction of the in-flight loads applicable to 
the User's spacecraft Using a preliminary 
spacecraft dynamic model provided by the 


User and conforming to the Ariane 
specification SG-0-01, this study: 
• performs the modal analysis for the 


composite launch vehicle and its payload, 


describes the dynamic responses of the 
spacecraft for the most severe longitudinal 
and lateral load cases induced by the launch 
vehicle, 


gives, at the nodes selected by the User, 
min-max tables and time histories for forces, 
accelerations and relative deflections, as 
wel | as Ariane/Spacecraft X interface 
acceleration and force time histories, 


allows the User to verify the validity of 
spacecraft dimensioning and to adjust its 
qualification test plan if necessary, after 
discussion with the Ariane Authority. 


d) The preliminary radio frequency compatibility 
study allows Arianespace to check the 
compatibility between frequencies (and their 
harmonics) used by the launch vehicle, the 
ground stations and the spacecraft during 
launch operations (including flight). This study 
is based upon a spacecraft frequency plan 
(including intermediate frequencies) that the 
User has to provide within the DUA. The 
housekeeping telemetry and telecommand of 
the spacecraft may be subject to change on 
request of ARIANESPACE up to 20 months 
before launch. 


6.4.3. 


Arianespace performs the Final Mission Analysis 
covering the following studies: 


Final Mission Analysis 


Final trajectory and mission sequence, 

Final flight mechanics analysis, 

Final dynamic loads analysis, 

Thermal environment, 

Final radio frequency compatibility, 

and, when applicable, dual launch compatibility. 
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a) The final trajectory study defines: 


• The actual launch vehicle data to be used 
(mass breakdown, propulsion parameters 
adjustments), the actual launch vehicle 
payload data and the associated launch 
vehicle performance, 

e The flight event sequence for the on-board 
computer, 

• The guidance parameters for the on-board 
computer, 

• The position, velocity and attitude of the 
vehicle during the boosted phase. 


b) The final flight mechanics study repeats the 
studies performed during the  premilinary 
analysis but takes into account the actual 
Ariane payload parameters and so enables 
Arianespace to: 


e define the data to be used by the on-board 
computer for the orbital phase (manoeuvres, 
sequence), 

• predict the clearance between the separated 
elements in orbital flight. 


о 
— 


The final coupled loads analysis enables 
Arianespace to define the final prediction for in 
flight loads. Using a test-validated model 
provided by the User conforming to the Ariane 
specification SG-0-01, this study allows 
Arianespace: 


e to verify, or adjust if necessary, the 
Spacecraft Acceptance Test Plan, and 
associated notching procedure when 
applicable, 


e to verify that the Ariane payload does not 
affect the behaviour of the launch vehicle or 
its stability. 


о. 


Тһе thermal environment study is required to 
predict the temperatures during count down 
and flight. Using a thermal model provided by 
the User conforming to the Ariane specification 
SG-1-26, this study covers the period from 
spacecraft on Ariane in the launch tower up-to 
the injection into the desired orbit. 


The study allows Arianespace to adjust the 
ventilation parameters during count down 
(tower removed) in order to satisfy, in so far as 
the system allows it, the temperature 
limitations specified for the spacecraft. 


Issue 2 


e) The final radio frequency compatibility study 
considers the actual launch configuration. 


The study involves the examination of possible 
spurious emission frequencies апа the 
susceptible frequencies of the receivers; in case 
of conflict the study will extend to the analysis 
of possible solutions either on the launch 
vehicle or on the payload. 


f) The dual launch compatiblity study analyses the 
results of all mission analysis studies to ensure 
compatibility between spacecraft to be 
launched as a combined Ariane payload. 


The aspects covered in the particular studies 
mentioned earlier are reviewed during the 
course of this study and are analysed with the 
focus on possible interference between 
spacecraft. 


A simulation is performed of the motion of the 
elements after separation and up to apogee 
motor firing (for geostationary launches), 
including spacecraft manoeuvres in GTO, in 
order to check long term collision avoidance, 
thermal flux and contamination aspects (due to 
AKM firings). 


6.4.4. Spacecraft environment test file 


The User is required to provide the Ariane 
authority with the spacecraft environment test 
plan, describing the test called for in paragraph 
4.6.1. This plan is analysed at the time of the final 
Mission Analysis Review. 


The User will then submit analysis and synthesis 
files resulting from the tests. These files are 
analysed at the Spacecraft Flight Readiness Review 
("Revue d'Aptitude au Vol Satellite"). 


6.4.5. Payload mass characteristics 


The mass of the payload in its final launch 
configuration must be notified to the Ariane 
authority prior to the Launch Readiness Review 
(RAL). 


6.4.6. Post-launch documents 


6.4.6.1. Inspection data 


Arianespace will give first diagnosis апа 
information sheets to the User before 
НО + 60 min., concerning the orbit characteristics 
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at injection (3rd stage cut-off) and attitude of the 
spacecraft just before the spacecraft separation. 


6.4.6.2. Orbital tracking operation report 


Arianespace requires the User to provide orbital 
tracking data on the initial spacecraft orbits 
including attitude just after separation, for back-up 
evaluation of launch vehicle performance. 


6.4.6.3. Launch evaluation report. 


Arianespace draws up a report on the launch 
operations, based on processed launch vehicle 
telemetry and tracking data, showing the 
performance achieved and reporting on the 
behaviour of the launch vehicle апа its 
subsystems. 

A section of this report covering all launch 
vehicle/payload interface aspects is distributed to 
the User. 


6.5. Launch 
operations 


The documentation necessary for launch 
operations is generated from the Launch 
Requirements Document (DL). As far as the 
spacecraft is concerned, the following data are 
used as input for writing the DL: 


preparation апа range 


- the approved DCI, taken as a specification, 

- the Spacecraft Operations Plan (POS) provided 
by the User, 

- the Interleaved Operation Plan (POI), 

- and the master-schedule of the Combined 
Operation Plan (POC) issued by Arianespace 
and taking account of both the POS and the 
Launch Vehicle Operation plan. 


The POI and the POC master schedules are 
submitted to the User for approval. 
The Ariane Payload Sections of the DL are 
submitted to the User for comment. 


In parallel with this activity, procedures are issued, 
and phase 3 safety formalities are completed in 
order to have all the necessary documentation 
prepared and approved in time for the Flight 
Readiness Review (RAV). 
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6.5.1. Spacecraft Operations Plan. 
("Plan des Operations Satellite - POS") 


The User has to prepare a Spacecraft Operations 
Plan for the CSG, defining the operations to be 
executed on the spacecraft from arrival in Guiana: 
including transport, integration and checkout 
before assembly, and operations on the Ariane 
launch site. The POS defines the arrangements for 
these operations, and describes the facilities 
required for their execution. 


A typical format for this document is shown here 
below. 


1 GENERAL 
11. Introduction 
12. Applicable documents 


MANAGEMENT 
1. Time-schedule 
2. Table of weekly activities 
3. Meetings - Organization - Interface. 


3. PERSONNEL 

31. Organizational chart for spacecraft 
operations team 

3 2. Definition of responsibilities and tasks 

3 3. Spacecraft organizational chart for 
countdown 


4. OPERATIONS 

4 1. Handling and transport requirements for 
spacecraft and ancillary equipment 

42. Tasks for launch operations 


5. EQUIPMENT ASSOCIATED WITH THE SPACECRAFT 
5.1. Brief description of equipment for launch 


operations 

5.2. Description of hazardous equipment (with 
diagrams) 

5.3. Description of special equipment (Launch 
Centre, Launch Tower) 


6. INSTALLATIONS 

6.1. Surface areas 

6.2. Buildings (technical and logistic aspects) 

6.3. Communications 

6.4. Location of offices, assignment of 
personnel 


7. LOGISTICS 

7.1. Accomodation 
7.2. Transport facilities 
7.3. Packing list 
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6.5.2. Interleaved Operation Plan 
("Planning des Opérations Imbriquées POI") 


Prepared by the DDO, the POI presents the 
spacecraft operations range support schedule from 
the time of arrival of the spacecraft equipment at 
Cayenne until the POC is started. The POI is 
submitted to the User(s) for approval. 


6.5.3. Combined Operations Plan 


("Plan des Opérations Combinées - POC") 


The POC identifies all activities involving a 
spacecraft and a part of the launch vehicle 
(operations in S3B building when the spacecraft is 
encapsulated and in the Launch Tower). 


Prepared by the COEL from the POS(s) and the 
Launch Vehicle Operation Plan, insofar as the 
launch vehicle payload is concerned, this 
document details the technical characteristics of 
the launch operations based upon the 
requirements imposed by both the payload and the 
launch vehicle. 


The POC Master Schedule presents а! 
spacecraft/Ariane activities from the time of 
spacecraft mating onto the Ariane adaptor until 
launch. All spacecraft operations during the 
countdown phase (RF tests, Arming sequences, on 
board power supply switching,...) are included. 


The POC Schedule is submitted to the User(s) for 
approval at the beginning of the campaign. 


6.5.4. Launch Requirements Document 


("Demande de Lancement" - DL) 


The Launch Requirements Document prepared by 
the Arianespace Mission Director (CM) together 
with the Range Operations Manager (DDO) is a 
synthesis of both launch vehicle and payload 
aspects in terms of launch campaign preparation. 


It defines the mission objectives, launch 
characteristics, general organization, time schedule 
and assistance required in terms of personnel, 
facilities, supply of fluids and support equipment. 
It is adressed to CSG, and Arianespace/Kourou and 
to the customer for information. 


The inputs for the DL regarding spacecraft related 


requirements are defined in the DCI, the POS, the 
POI and the POC master-schedules. 
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6.5.5. Spacecraft operation procedures for the 
CSG 


These procedures are prepared by the User for 
each operation defined in the Spacecraft 
Operations Plan (POS). All procedures covering the 
operation of systems classified as hazardous or 
those concerning personnel safety have to be 
submitted to the CSG Safety Departments for 
approval (see phase 3 submission). 


6.5.6. Combined launch vehicle/payload 
operation procedures 


Two types of combined operation are identified: 
those requiring procedures specific to each 
Authority, and those requiring common 
procedures. Common procedures are prepared by 
the Ariane Authority, and submitted to the Payload 
Authority(ies) for approval. 


6.6. Launch vehicle/payload reviews 


Reviews are held, in accordance with fig. 6.1, to 
conclude mission analyses phases, апа to 
authorize blocks of work in the progress of the 
launch operations. 


6.6.1. Mission Analysis Reviews 
These reviews are conducted by Arianespace 


a) The Preliminary Mission Analysis Review 
("Revue d'Analyse de Mission Préliminaire" - 
RAMP) is based upon the Preliminary Mission 
Analysis Documentation (DAMP) comprising all 
reports issued during the Preliminary Mission 


Analysis (see para. 6 4.2). 


The Spacecraft Authority attends the RAMP. 
Conclusions from the RAMP lead to the 
updating of the DCI, and agreement on the 
spacecraft environmental test plan. 


= 


The Final Mission Analysis Review 
("Revue d'Analyse de Mission Finale" - RAMF) 


In addition to aspects specific to the launch 
vehicle, the objectives of this review are to 
check the compatibility of spacecraft 
qualification status with the mission analysis 
results, to agree on applicable acceptance test 
procedures and to confirm the main mission 
parameters. 
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This review is held in relation to the Final 
Mission Analysis Documentation (DAMF) and 
when applicable, the dual launch compatibility 
analysis. In the latter case, the review is 
conducted in two stages, the second one 
involving both Spacecraft Authorities. 


The conclusions of the RAMF lead to the 
updating of the DCI(s) and the release of data 
for the launch vehicle flight programme. 


6.6.2. Launch-vehicle Flight Readiness Review 
(Revue d'aptitude au vol du lanceur - RAV) 


The purpose of this review is to verify that the 
launch vehicle, following acceptance tests in 
Europe, is technically capable of executing its 
mission. One activity covered by the RAV concerns 
the examination of  launch-vehicle/payload 
interfaces, with particular reference to the DCI, 
and the status of the launch preparation 
documentation (see para. 6.5). 

The review is conducted by the Ariane Authority, 
and shipment of the launch vehicle to the CSG is 
contingent on a satisfactory conclusion. 


The User is invited to attend the RAV. 


6.6.3. Spacecraft Flight Readiness Review 


("Revue d'aptitude au vol du satellite") 


Arianespace requires to be represented at this 
review, normally held by the User before shipment 
of the satellite to the CSG. In particular, the Ariane 
Authority uses this opportunity to obtain the 
results of environmental acceptance tests, and the 
actual inertial and mass characteristics of the 
spacecraft. 


6.6.4. ЕРСИ Configuration Acceptance Review 


The purpose of this review, held just before the 
arrival of the spacecraft and associated equipment 
at the CSG, is to verify that the buildings are 
configured according to the requirements 
contained in the Launch Requirements Document. 


The configuration status is documented through a 
compliance certificate issued by CSG and approved 
by its Quality Control Department. 


6.6.5. Combined Operation Release 
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A technical assessment of the related launch 
vehicle and spacecraft hardware is held to clear 
implementation of the POC. This meeting involves 
the safety department, the User and the COEL for 
the launch vehicle, with the CM as chairman. 


6.6.6. Range Readiness Review 


This review is held before the Launch Readiness 
Review (see para 6.6.7). Its purpose is to check 
the validation of the range, down-range stations 
and associated networks. The, review is chaired by 
the CSG in presence of the CM who approves the 
configuration on behalf of the General Director of 
Arianespace. 


6.6.7. Launch Readiness Review 
("Revue d'aptitude au lancement" - RAL) 


This review, conducted by the Ariane Authority, is 
held at CSG in order to review the overall status of 
all checks carried out on launch vehicle, payload 
and launch facilities and to authorize the final 
operations leading up to launch. The RAL normally 
takes place just after the launch rehearsal. 


A dedicated payload session is requested by the 
CM to prepare for the main meeting. 
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1. Introduction 


The object of this Annex is to provide an overview 
of the Ariane 4 series of launch vehicles. The 
following description is given by functional 
system. 


Ariane 4 is a three-stage-launch vehicle with up to 
four strap-on boosters, above which is mounted 
an equipment bay. Various fairings can be 
mounted on the equipment bay for housing the 
payload. The launch vehicle maximum total lift-off 
mass is 471 tonnes, its height being 58.76 m. 


(see fig. A1.1.) 


2. Electrical systems 
2.1. Introduction 


Most of the Ariane electrical systems are housed 
in the equipment bay at the top of the 3rd-stage; 
only a limited number of system elements are, for 
functional reasons, placed at various locations in 
the stages. 


An on-board digital computer coordinates the 
activities of the various electrical subsystems of 
the vehicle. The electrical system provides the 
vehicle with total in-flight autonomy with the sole 
exception of the telecommand destruct signal sent 
from the launch centre. 


Batteries are the only on-board electrical energy 
Sources. 


2.2. Guidance and control system (see fig. 
А1.2) 


The vehicle guidance system computes the 
vehicle attitude command from the data of an 
inertial platform so as to optimize the vehicle 
performance for placing the payload mass on the 
chosen orbit. 


The vehicle control system generates the nozzle- 
swivelling commands for the different stages 
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maintaining the vehicle attitude to that computed 
by the guidance system. 


The guidance function is performed by an on- 
board programmed flight computer, which 
executes the navigation calculations апа 
implements the guidance law. It is active from the 
beginning of the 2nd-stage propulsion phase until 
the cut-off command of the 3rd-stage. 1st-stage 
flight is not guided, the vehicle having a 
preprogrammed attitude law. 


The control function is performed with the aid of: 
sensors: inertial platform, 


command-generating units: the digital on- 
board computer calculates the attitude 
deviation (difference between the actual 
attitude and the attitude required by the 
guidance system) and generates the swivelling 
commands to the 15, 2nd and 3rd-stages 
nozzles, the roll command for the 2nd-stage, 
and the attitude control commands for the 3rd- 
stage. 


executing units: each stage has amplification 
systems and actuators regulating the position 
of the nozzles. 


The 1st-stage has four nozzles oscillating in the 
plane tangential to the thrust frame. This 
configuration enables pitch, yaw and roll control 
to be carried out by these nozzles. 


The launch vehicle will have either no, 2 or 4 
strap-on boosters depending on the required 
performance. Two types of booster are available 
with either solid (PAP) or liquid (PAL) propellant, 
equipped with fixed nozzles. 


The 2nd and 3rd-stages each have a single nozzle 
and are equipped with ancillary systems for roll 
control. 


Description of Ariane 4 
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These ancillary systems consist of sets of 
independent nozzles fed with hot gases from the 
gas generator on the 2nd-stage, and with cold 
pressurization gas on the 3rd-stage. 


The ancillary system on the 3rd-stage is also 
designed to provide three-axis control after main 
engine cut-off. This enables an accurate injection 
of the payload in the desired attitude and, if 
required, a slow spin-up can be provided. 


2.3. Sequencing system (see fig. А1.3) 


The sequencing system initiates all the commands 
required for the execution of the various 
sequences governing the vehicle's in-flight 
behaviour. It is commanded by the on-board 
computer, which transmits commands in the order 
prescribed by the flight programme. 


The sequencing of commands is reset after engine 
cut-off of each stage on detection of thrust decay. 


A command transmitted by the computer, through 
its interface unit, is processed by a sequencing 
unit, which transmits signals matched to the 
executing units of the stages. 


Command processing is carried out by two fully 
redundant systems, from the interface unit to the 
executing units. 


The command signals from the sequencing system 
result in the following operations: 


electrical: change of PCM telemetry format, 
propulsion commands, operation of anti Pogo 
devices, 


pyrotechnic: initiation of acceleration and retro- 
rockets, 3rd-stage engine  ignitors, stage 
separation, fairing jettisoning, satellites 
separation. 


2.4. Tracking and destruction system 


This enables the launch vehicle to be destroyed in- 
flight in the event of abnormal behaviour which 
could constitute an environmental hazard. The 
destruct command signal is generated on board in 
the event of premature stage separation. A 
destruct signal commanded from the ground 
results from an operational decision based on the 
processing of data for the actual trajectory of the 
vehicle. These data are obtained in real time by 
the vehicle tracking network consisting of ground 
tracking radars and transponders located in the 
vehicle equipment bay. 
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The tracking and destruction system 15 fully 
redundant, comprising two radar transponders and 
two telecommand receivers. The vehicle destruct 
commands are generated in a safety unit, which 
decodes the telecommands. The  3rd-stage 
destruct charge is commanded directly by this 
safety unit. The destruct charges of the 1st and 
2nd stages are each fired бу а 
Self/Telecommanded Destruct logic circuit 
("Destruction Commandée et Automatique" - DCA), 
which receives ог generates the  destruct 
command; the logic circuits of this system are 
located in their respective stages. 


The telecommand-destruct receiver system may be 
inhibited by the receipt of the OFF command sent 
from the CSG while the vehicle is still visible or in 
range. 


Details of the destruction devices are given in 
paragraph 5 below. 


2.5. Telemetry system 


The S-band (frequency ~ 2.100 MHz) telemetry 
system transmits to the ground about 600 on- 
board measurements monitored during the flight 
of the vehicle. Knowledge of these enables the 
behaviour and performance to be evaluated 
throughout the flight. The PCM telemetry system is 
generated by a 240 kbit/s central unit linked by a 
data bus to various data acquisition units 
distributed in the launch vehicle subsystems. 


3. Propulsion and pressurization 
systems 
3.1. Introduction 


The Ilst-stage, Liquid Boosters (PAL) and 2nd- 
stage propulsion systems are similar and use the 
hypergolic liquid propellants UH25 and М;0,. The 
3rd-stage propulsion system uses the cryogenic 
propellants liquid oxygen and liquid hydrogen, in a 
low-pressure chamber. 
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3.2. First-stage propulsion system 
3.2.1. Principle 


The system comprises four Viking V engines 
developing a total thrust of about 2700 kN on the 
ground (about 3000 kN in vacuum) and up to 
4 strap-on boosters equipped with Viking МІ 
engines developing the same total thrust of about 
2700 KN. The velocity increment imparted to the 
vehicle by the 15 stage with 4 liquid boosters 
(A44L) is approximately 3040 m/s. 


Each engine forms an independent assembly 
supplied via individual valves from the propellant 
and water tanks; start-up is initiated simultanously 
for the four first stage engines, and for the liquid 
booster motors if used, by a ground command; 
ignition is spontaneous in the combustion 
chambers (hypergolic fuels). The operation of each 
engine is controlled by slaving its core pressure to 
a "reference" pressure supplied by nitrogen 
bottles. A gas generator fed with propellants in the 
stochiometric ratio, and with water to lower the 
temperature, supplies both the gas turbine, which 
drives the propellant and water pumps on a single 
shaft, and the tank-pressurisation system. Lastly, a 
balance regulator compares the  propellant- 
injection pressures and acts on the N204 pressure 
down-stream from the pump in order to keep the 
propellant-mixture ratio constant іп the 
combustion chamber. 


A PAL propulsion system differs from that of a 
stage by the fact that the engines are fixed (not 
gimbaled), the nozzle axis being canted at 10° to 
the central core axis. 


Solid-strap on boosters (if used) are ignited by 
ground command when the main first stage engine 
thrust has reached a predetermined value. 


3.2.2. Operation 


During the automatic launch sequence, the vehicle 
checkout system verifies the correct operation of 
the vehicle, gives the signal for ignition of the first 
stage and monitors the engine behaviour. If 
everything proceeds normally, a command, 
opening the vehicle release jaws, is given four 
seconds after ignition. In the event of an anomaly, 
the release jaws are kept closed and the engines 
shut down. 


Ignition of the Ariane solid strap-on boosters 


occurs approximatly 4 seconds after main engines 
ignition and prior to lift-off. 
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The main operating characteristics for the VIKING 
engines are: (typical first stage values): 


Chamber pressure ............................... 58.5 bar 
Turbopump гоЁог............................ 10 000 rpm 
H20 delivery ргеѕѕиге. ............................ 65 bar 
UH25 delivery ргеѕѕиге........................... 67 bar 
N204 delivery pressure ........................... 69 bar 
Generator gas temperature ..................... 650°С 
Generator gas ргеѕѕиге........................... 35 bar 
Tank pressurization level.......................... 5 bar 
Specific impulse in vacuum ...................... 278 s 


The specific impulse (standard conditions) of the 
solid strap-on booster (PAP) motors is 264 s and 
the total impulse is 21 500 kN.s per PAP. The PAPs 
are jettisoned about 68s (A44LP), 71s (A44P), 
95s (A42P) after ignition. 


The PALs are jettisoned about 142s (A42L), 147s 
(A44LP), 150s (A44L) after ignition. 


Propulsion stops on depletion of one of the 
propellants (UH25 ог N204). The on-board 
computer detects this depletion by monitoring the 
acceleration of the vehicle and commands closure 
of the main propellant valves as soon as the 
acceleration becomes less than half its full-thrust 
value; at the same time, it initiates the 1st/2nd- 
stage separation sequence described in para. 4. 


3.3. Second-stage propulsion system 
3.3.1. Principle 


This system comprises a single Viking IV engine 
developing a thrust of 800 kN in vacuum; the 
specific impulse is about 293s. The velocity 
increment imparted to the vehicle by the 2nd- 
stage is close to 2560 m/s. 


The 2nd-stage propulsion system differs from that 
of the 1st-stage by having: 


a single gimbal mounted engine instead of four 
engines, 

an independent roll-control system, 

an engine nozzle adapted to operation in 
vacuum, 

helium-pressurization of propellants and water. 


3.3.2. Operation 


Engine ignition is commanded by the computer 0.3 
seconds after 1st/2nd- stage separation. Start-up 
is assisted by acceleration rockets (see para. 4) 
which provide an acceleration acting on the 
propellants following 1st-stage engine cut-off. 
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The engine nozzle, initially set in a zero position 
receives swivelling commands for pitch and yaw 
correction, as soon as thrust, and hence 
acceleration, reaches its normal value. Guidance 
starts about 10 second after 1st-stage separation. 


The main difference in operating characteristics 
from those of the 1st-stage are: 


Helium-bottle pressure ......................... 300 bar 
Tank pressurization level ....................... 3.5 bar 
Maximum roll torque ......................... 1000 m.N 


The guidance system generates the propulsion cut- 
off command when the velocity increment to be 
imparted by the 2nd-stage is reached. A command 
is sent by the computer to simultaneously close 
the propellant inlet valves. At the same time, the 
computer initiates the 2nd/3rd-stage separation 
sequence described in para. 4. 


3.4. Third-stage propulsion system 
3.4.1. Principle 


This system comprises a single HM7B type 
cryogenic engine developing a thrust of 64.7 kN in 
vacuum ; the specific impulse is 446.5 s. The 
engine is gimballed along the pitch and yaw axis. 
Roll control is achieved by a system of auxiliary 
nozzles fed with gaseous hydrogen. 


The operation of the 3rd-stage propulsion system, 
as for the lower stages, requires a turbopump fed 
with gases from a generator supplied with liquid 
oxygen and liquid hydrogen in a mixture ratio close 
to 0.9 in order to limit the temperature to 880°K. 


The turbopump has two shafts. On the first, 
rotating at about 60 000 rpm, are the turbine and 
the hydrogen pump and on the second, rotating at 
about 13 000 rpm, is the oxygen pump ; the 
turbopump is actuated by a solid-cartridge starter 
and feeds the gas generator and the engine with 
liquid H2 and liquid 02. As these propellants are 
not hypergolic the generator and the engine are 
ignited by a pyrotechnic device. Operation of the 
engine is controlled by a system regulating the 
injection flow rate into the generator by means of 
cavitating venturis and by a pressure regulator on 
the oxygen circuit only. This device limits 
variations іп engine operating parameters 
particularly for the thrust and mixture ratio, whose 
variations are in the order of 1.5 %. The engine 
injector diffuses into the chamber liquid, oxygen 
directly from the pump together with gaseous 
hydrogen at 150°K obtained by heating the liquid 
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H2 in the upstream (regenerative) section of the 
nozzle. A small part (6 96) of the liquid Њ 
circulates in the divergent section of the nozzle, 
maintaining its temperature at about 1080°K, and 
escapes at the extremity of the divergent section. 


The oxygen tank is pressurized by means of 
helium, which is stored in a bottle at 100°К and 
200 bar. 


The hydrogen tank is pressurized by gaseous 
hydrogen at 100?K obtained by mixing liquid Hz 
with gaseous hydrogen tapped at the exit of the 
regenerative section. This system is activated at 
engine start-up. During 1st and 2nd-stage flight, 
pressurization is maintained with helium. In the 
event of self-pressurization due to excess natural 
vaporisation, the tank pressure is limited by a 
safety valve. The propellant feedlines are cooled 
throughout 15 and 2nd-stage flight by a 
continuous flow of a small quantiy of waste 
propellant. 


3.4.2. Operation 


Engine start-up is commanded by the computer 3 
seconds after 2nd/3rd stage separation. The stage 
nominal thrust is reached approximately 10 
seconds later. 


The main operating characteristics are (typical 
values): 


Chamber ргеѕѕиге.................................. 36 bar 
Rotor speed of the turbine and 

H2-pümpzs aee tette 60 750 rpm 
Rotor speed of the 

the 02 ритр................................. 12 960 rpm 
Temperature of generator 

ЕРКЕ ЖИР ОР ЕН ИИК н 880° К 
Pressure of депегаќог............................. 24 bar 
H2 tank pressurization level................... 2.9 bar 
O2 tank pressurization level................... 2.1 bar 
Maximum roll Ёогдие........................... 800 N.m 


The guidance system generates the propulsion cut- 
off command, when the required transfer orbit is 
reached. The propulsion cut-off sequence starts 
with a command which closes the O» circuit valve 
at the gas generator input. 


Gaseous hydrogen is used to provide 3 axis control 
after 3rd stage engine cut-off which occurs 
approximately 790 s after ignition. A total impulse 
of more than 13 500 N.s is available for attitude 
and spin maneuvers. 
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4. — Separation systems 
4.1. Introduction 


The operation of the vehicle involves the 
jettisoning of mass whose usefulness has ceased 
in the course of flight, e.g. the solid and/or liquid 
strap-on boosters, the fairing, above a given 
altitude, as well as spent stages. 


4.2. Separation systems 


Seven separation systems are available: two for 
the strap-on boosters, one for the interstages, one 
for the fairing, one for the SPELDA upper part, one 
for the SYLDA upper part, and one for the 
spacecraft. Each separation requires mechanical 
disconnection of the assemblies to be separated, 
followed by distancing. 


4.2.1. Liquid strap-on boosters separation 


This occurs after about three quarters of the first 
stage flight corresponding approximately to mach 
5. Separation is achieved by pyrotechnicaly cutting 
the three attachment fittings. The  strap-on 
boosters are then forced away from the first stage 
central core by 6 rockets of the same type as 
those used for the interstage separation. 


4.2.2. Solid strap-on boosters separation 


This occurs at the end of subsonic flight. 
Separation is achieved by pyrotechnicaly cutting 
the two attachment fittings. 

The strap-on boosters are then forced apart from 
the first stage central core by 4 high energy spring 
systems. 


4.2.3. Interstage separation 


This occurs at periods of virtually zero vehicle 
acceleration. Disconnection is obtained by a 
pyrotechnic cutting cord. The cord is fired 
simultaneously at two points and separation is 
achieved in less than 1 ms. 


The two stages are forced apart by retro-rockets 
mounted on the lower stage, which decelerate that 
stage. 


During the separation phase, acceleration rockets 
on the upper stage аге fired, imparting 
acceleration in the direction of its velocity ; this is 
to ensure that the fuels collect in the tanks in such 
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a manner that they flow correctly to the engine ; it 
also contributes to forcing the two stages apart. 


4.2.4. Fairing jettisoning 


This occurs during 2nd-stage flight, i.e. during 
vehicle acceleration. Separation is achieved by first 
ejecting the clampband by pyrotechnic action, and 
then the two half fairings are separated from each 
other by pyrotechnic cutting action along their 
joint line and are ejected laterally, while remaining 
parallel to one another (due to the action of a 
linear thrusting joint). 


4.2.5. Vehicle/spacecraft separation 


This occurs after burn-out of the 3rd-stage, which 
then remains attitude-controlled. Separation is 
achieved by releasing the  clampband бу 
pryrotechnic action. The vehicle and payload are 
forced apart by the action of springs located 
around the periphery of the interface frame. 


4.2.6. SPELDA-top separation (if dual launch) 


Separation of the SPELDA-top structure is achieved 
by means of a linear charge cord device which cuts 
the structure separating its upper and lower 
halves. Springs then impart a vertical impulse to 
jettison the SPELDA upper part. 


4.2.7. SYLDA-top separation (if dual launch) 


Separation of the SYLDA-top structure is achieved 
by ejecting a clampband by pyrotechnicaly cutting 
two connecting bolts. 


Springs then impart a vertical impulse to jettison 
the SYLDA upper half. 
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5. Destruction systems 


The vehicle has four destruction systems, one for 
each stage and one for the PAL. 


The ist-stage destruction system consists of 
pyrotechnic cords running along a generatrix of 
each tank. 


The PAL destruction system is similar to that of the 
1st-stage. 


The 2nd-stage destruction system is based on the 
same principle as the 1st-stage, but has a single 
cord common to both tanks (located near the 
common bulkhead, on a generatrix). 


The location of the 3rd-stage destruction system is 
identical to that of the 2nd-stage, but a dihedral 
charge is used in order to allow for the distance 
from the wall structure (due to the presence of the 
Klegecell thermal insulation layer). 


6. Structures 
6.1. Introduction 


All the structures are of light alloy with the 
exception of the 1st-stage propellant tanks, which 
are fabricated of steel in order to afford 
simultaneous protection from temperature and the 
corrosive action of the pressurization gases, the 
PAL tanks, which are fabricated in stainless steel, 
the PAP case, and part of the 1st stage water tank. 


6.2. First-stage structures 
6.2.1. Central Core 


The two propellant tanks are identical, cylindrical 
in shape (diameter 3800 mm, height 7400 mm) 
with ellipsoidal bulkheads. They are interconnected 
by means of a cylindrical inter-tank skirt of the 
same diameter as the tank and with a height of 
2688 mm and by the water tank cylinder with a 
height of 730 mm. The cylindrical part of the upper 
tank is extended by the forward skirt, which has 
the same diameter and a height of 1500 mm. The 
foward skirt supports the eight 1st-stage braking 
retro-rockets and connects the 1st-stage with the 
interstage structure. The thrust frame is generally 
cylindrical in shape (diameter of 3800 mm and 
height of 2300 mm) and has a caisson structure 
whose upper part connects with the UH25 tank 
and whose lower part provides a mounting for the 
four engines. 
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On the top of the UH25 tank, inside the intertank 
skirt, is the water tank common to the main 
engines and the PAL, if used. 8200 litres (max.) of 
water are contained between the upper UH25 tank 
bulkead and another bulkead, identical in shape, 
fabricated in glass fibre reinforced plastic, and 
linked to the tank bulkhead, at the periphery, by 
an aluminium alloy cylinder, 730 mm high. 


6.2.2. Liquid propellant strap-on boosters (PAL) 


The liquid strap-on boosters comprise two stainless 
steel tanks, a reduced version of the first stage 
central core tanks, with a diameter of 2150 mm 
and a length of about 4920 mm each. The rear 
skirt houses the Viking engine, an intertank skirt 
links the UH25 and N204 tanks and a forward skirt 
carries a conical head, for aerodynamic reasons. 
The skirts and the conical head are fabricated in 
aluminium alloy. Each PAL is linked to the central 
core by a rear mounting system (PAL rear 
skirt/central core thrust frame) and a forward 2- 
point mounting system (PAL forward skirt/central 
core intertank skirt). The PAL rear skirt and 
intertank skirt also house the six separation 
rockets. Total height of a PAL is about 18.6 m. 


6.2.3. Solid propellant strap-on boosters (PAP) 


The solid strap-on boosters are cylindrical with a 
conical head, a diameter of 1071 mm and a total 
height of about 11.5 m. Each contains 9500 kg of 
propellant. The case is fabricated in steel and the 
nozzle axis is canted at 12? to the central core 
axis. The PAP is linked to the central core by rear 
and forward mounting systems. On the PAP, the 
mounting systems are located on the rear skirt and 
on the forward skirt. On the central core, 
attachment points are located on the thrust frame 
and on the intertank skirt. 


6.3. Second-stage structure 


The propellant tanks form a cylinder (diameter 
2600 mm, height 6515 mm) with hemispherical 
bulkeads divided into two vessels by a common 
hemispherical bulkhead with its concave face 
forward. The pipework feeding the N204 (upper 
tank) to the engine passes through the lower tank 
(UH25). The thrust frame consists of a stiffened 
skirt comprising a cylindrial section (with the same 
diameter as the tank and a height of 188 mm) and 
a conical part (height 1350 тт) bearing the 
gimbal unit mounting flange. 


The second stage aft skirt is conical (height 
1570 mm) and connects the Ist/2nd interstage 
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conical skirt (height 3310 mm) and the 2nd-stage 
thrust frame to which it is attached at the base of 
its cylindrical part. The rear skirt/interstage skirt 
conical assembly transmits the 1st-stage thrust to 
the rest of the vehicle and provides continuity 
between the 1st-stage diameter (3800 mm) and 
the 2nd-stage diameter (2600 mm). The rear skirt 
carries the water torus (average diameter 2240 
mm; cross-section diameter 340 mm) attached by 
rods, and the four acceleration rockets. It houses 
the pyrotechnic cutting system used for 1st/2nd- 
stage separation and carries the two braking retro 
rockets used for 2nd/3rd-stage separation. The 
cylindrically-shaped forward skirt (height 
1245 mm) extends the tank section and connects 
the 2nd-stage to the carbon fiber 2nd/3rd- 
interstage cylindrical skirt of the same diameter. 


6.4. Third-stage structures 


The propellants tanks form a cylinder (diameter 
2600 mm, height 6624 mm) with hemispherical 
bulkheads, divided into two vessels by an 
insulating intermediate bulkhead (two concentric 
spherical caps separated by a phenolic honeycomb 
layer under vacuum). The tanks carry thermal 
insulation over their entire surface. 


The tank assembly is elongated by a short 
forward skirt (2600 mm; height 308 mm) 
connecting with the equipment bay, and by a short 
rear skirt (diameter 2600 mm; height 112 mm) on 
which the thrust frame is mounted. This thrust 
frame consists of a conical structure (height 
1105 mm) together with a cylindrical section 
(diameter 2600 mm, height 420 mm) providing 
continuity with the rear skirt. The cylindrical 
section carries the four acceleration rockets and 
the pyrotechnic cutting system used for 2nd/3rd- 
stage separation. The 2nd/3rd-interstage skirt 
(diameter 2600 mm; height 2730 mm) forms the 
connection between the 2nd and 3rd-stages ; the 
lower part of this skirt is sealed off by an insulating 
disk for limiting heat exchange between the two 
stages. 


6.5. Vehicle 
structure 


The VEB consists of 4 parts fabricated їп 
honeycomb material with carbon fibre facing: 


Equipment Вау (VEB) 


an internal conical part, providing the diameter 
1920 mm interface to the payload, 

an external conical part (1000 mm high), 
carrying either the fairing or the SPELDA with 


an external diameter of about 4 m, linked at its 
base with the internal conical part and with the 
3rd-stage forward skirt, which has a diameter 
of 2.6 m, 


an horizontal annular plate, carrying the VEB 
equipment, attached to the 3rd-stage forward 
skirt, 


12 removable panels, enclosing the VEB 
equipment compartment, between the conical 
external part and the annular plate. This allows 
for easy accessibility to the VEB equipment, 
without interfering with the payload 
compartment. 


The VEB height is about 1 m, and the mass is of 
the order of 400 kg. 


6.6. Fairing structure 


The fairing consists of two shells fabricated in 
aluminium alloy honeycomb with carbon fibre 
facing. The external diameter is 4 m, the thickness 
is 25 mm, the height is either 8.6 m or 9.6 m, and 
the weight is between 800 kg and 900 kg. The 
fairing halves are linked by rivets which are cut by 
a pyrotechnic cord at separation. They are 
secured on top of either the VEB or the SPELDA by 
means of a two piece steel band tensioned by 2 
pyrotechnic bolts. 


6.7. SPELDA structure 


Short SPELDA (m = 410 kg) 

The short SPELDA consists of two parts fabricated 
in aluminium alloy honeycomb with carbon fibre 
face sheets. 


The bottom part is a cylinder of 4 m external 
diameter and 2 m height. It is secured on top of 
the VEB by means of 180 bolts. 


The upper part is a cylinder of 1.80 m in height, 
with an external diameter of 4 m, with a 1 т high 
truncated cone on top, presenting a 2 1920 
interface to the upper spacecraft. 


The bottom and upper part of the short SPELDA 
are joined by a pyrotechnic separation device 
(LCCD), and springs are placed inside the bottom 
part to impart a separation velocity to the upper 
part. 


Mini SPELDA (m = 320 kg). 
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The mini SPELDA consists of a cylinder and a 
truncated cone on top of the cylinder, both 
manufactured in aluminium alloy honeycourb with 
carbon fiber face sheets. 


The cylinder is 1.8 m high with a 4 m external 
diameter. The cone is 1 m high and presents a 
© 1920 interface for the upper spacecraft. 


The mini SPELDA is secured on top of the VEB by 
means of 180 bolts. 59 mm above the bolted joint 
with the VEB, the mini SPELDA comprises a 
pyrotechnic separation device, and springs are 
installed inside the cylinder to impart a separation 
velocity to the separated mini SPELDA. The springs 
are fitted on the separated part. 


Streched mini SPELDA (m = 350 kg) 


The difference between mini SPELDA and 
stretched mini SPELDA is limited to the height of 
the cylinder which is 2.1 m for the streched mini 
SPELDA. 


7. Mass breakdown 


Approximate propellant masses are as follows at 
the instant of lift-off: 


lst-stage: №204, UH25, water......... 232 tonnes 
solid strap-on boosters ............ 9.6 tonnes each 
liquid strap-on boosters ......... 39.7 tonnes each 


2nd-stage: N204, UH25, water....... 35.4 tonnes 


3rd-stage: Liquid oxigen and 
һуйагодеп....................................... 11.8 tonnes 
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1 French Guiana 
1.1. Geography (see figs. A2.1 and A2.2) 


French Guiana is a French Overseas Department 
(D.O.M.). It lies on the Altantic coast of the 
Northern part of South America. It is an equatorial 
region covering about 92 000 squares kilometers 
between latitudes 2° and 6° North at longitude 
50° West. It is bounded: 


a) to the North, by the flat and marshy Atlantic 
coast covered with a recent alluvial layer, 

b) to the West, by the Maroni river, which forms 

the natural frontier with Surinam, 


to the East, by the Oyapock river separating 
Guiana from Brazil, 


to the South, by the frontier with Brazil, which 
is formed by the watershed of the Amazon 
basin. 


Most of the territory is covered with equatorial 
forest, only a coastal strip 1 to 30 km wide being 
habitable. 


1.2. Climate 


The climate is of the equatorial type, but is fairly 
moderate for this latitude, with a temperature 
generally within a 25° - 30°C range, a low daily 
variation (5 to 10°C per day) and extreme 
temperatures of 18° and 34°C. 


Despite relatively high rainfall (annual mean 3 m), 
there are two dry seasons: a short one in 
February/March with northeasterly trade winds, 
and the main dry season between July and early 
December, with easterly trade winds during the 
day. 


The relative humidity is very high with a daily 
mean value varying between 60 % and 95% 
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corresponding to 15 to 22 g of water per cubic 
metre of air. 


French Guiana lies outside the hurricane zone, 
and has light prevailing winds, mainly north- 
easterly. Despite its geographical situation, the 
coastal zone has a pleasant climate, breezy and 
sunny most of the year round. 


1.3. Towns and population 
The current population of French Guiana is more 
than 130 000. 


The main towns are Cayenne, Kourou and Saint 
Laurent du Maroni. 


Europe's spaceport and Ariane 4 
Arianespace in French Guiana 
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Fig. A2.1 - French Guiana and South America 
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Fig. A2.2 - French Guiana 
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1.4. Infrastructure and communications 


Sea links 


The port of Cayenne is located in the south of 
the Cayenne peninsula in Degrad des Cannes. 
The facilities handle large vessels with 6 meters 
draught. The port is linked to Kourou by road. 


The harbour facilities allow the container 
transfer in Roll-On/Roll-Off (Ro-Ro) or in Load- 
On/Load-Off (Lo-Lo). 


The Pariacabo area is located near Kourou. This 
facility is dedicated to the transfer of the 
launcher stages. 


Air links 


Rochambeau international airport at Cayenne 
has a 3200 meters runway on which J umbo-jets 
can land. There are flights every day from and 
to Paris, either direct or via the West Indies. 
Regular daily flights with North America are 
available via Guadeloupe or Martinique. 


Road links 


The North-Westward national road (RN1) links 
the mains towns of Guyana (Cayenne - Kourou 
- Sinnamary - Saint-Laurent du Maroni). 

The South-Esatward national road (RN2) links 
Cayenne, Rochambeau, Roura, Cacao, Regina. 


Telecom 


All towns and facilities in Guiana are linked by 
telephone telex, telecopy to the international 
network. 


1.5. Health 


Yellow fever vaccination is mandatory for any stay 
in French Guiana. 

Malaria is practically absent of the Kourou 
Cayenne coastal strip. 

Anti-malaria precautions are recommended for 
persons entering forest areas along river. 

Hospital facilities with very complete and up to 
date equipment are available in Kourou and 
Cayenne. 


1.6. Kourou 


The town of Kourou lies on the coast, 
approximately 65 km north west from Cayenne. 
The current 14 000 
inhabitants. 


population is about 


The town has: 
church and Oecumenical Centre, 
other facilities such as a swimming pool, a 
stadium and a sports ground, 
a high-class hotel complex with a total of more 
than 200 rooms and several kinds of restaurant 
with seating capacity for more than 600, with 
international cuisine. Various local and French 
cuisine restaurants are available downtown. 


Kourou town is supplied with electricity main 
power voltage is 220 - 380 V at 50 Hz. 


The town is supplied with drinking water by a 
pumping station 32 km upstream from the estuary 
of the Kourou river. 


Kourou has all the essential amenities of a modern 
town such as shops, supermarket, restaurants, and 
craft trades. 


2. The Europe's spaceport 


French Guiana's location, close to the Equator, in 
an area outside the hurricane zone with the 
possibilities of launches in Northern to Eastern 
directions over the ocean, and regular air and sea 
connections were factors which led to the choice of 
Kourou as the site for the Ariane launch complex. 


2.1. General description 


The Guiana Space Centre (CSG), now the Europe's 
spaceport operational since 1968 is managed on 
behalf of the European Space Agency (ESA) by the 
Centre National d'Etudes Spatiales (CNES). Ап 
agreement between the French government and 
ESA defines the rights and obligations of each 
party with regard to ESA's Ariane launch sites and 
associated facilities. 


Within the Europe's spaceport perimeter, the 
following ESA facilities are namely operated: 


Ariane launch complexes ("Ensembles de 


Lancement Ariane" ELA 2 and ELA 3), 
including facilities required for storage, final 
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assembly, checkout and launch of Ariane 
Launch vehicles. 


Liquid nitrogen, liquid oxygen, liquid hydrogen 
and solid propellant plants. 


Payload preparation complex ("Ensemble de 
Préparation Charge-Utile" EPCU), with facilities 
made available to Users for the preparation of 
their spacecraft. 


Agreements between ESA, CNES and 
ARIANESPACE define the conditions for 
utilisation by ARIANESPACE of ELA2, ELA3 and 
EPCU. 


2.2. Role of CNES/CSG 
CNES/CSG's role is: 


To provide technical and logistic supports to the 
Ariane launches such as telecommunication, 
meteo, plotting, telemetry and tracking to 
Arianespace and its customers in view to 
perform the L/V and S/C preparation campaign 
and the launch. 


To ensure in flight safety and on the range 
persons and assist safety and protection. 


These activities comprise: 


Operation of range and of the down range, 
stations network. 


Data acquisition and processing from launch 
vehicles during flight, in real time and post 
flight. 


General coordination on the range and of the 
down range stations during ground spacecraft 
and launcher operations апа launch 
countdown. 


3. The Arianespace 
Establishment in Kourou 


The Arianespace Establishment in Kourou was 
created in January 1982. It is a technical centre in 
charge of: 


- Operations and maintenance of the Ariane 
launch complexes. 


Support for launch campaigns of Ariane launch 
vehicles. 
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Its activities are carried out in close cooperation 
with CNES/CSG as a subcontractor. 


It should be noted that management of the 
Arianespace Kourou Establishment is independent 
from CNES/CSG range management and report to 
Arianespace Operation Directorate. 
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Within the framework of the launch contract ARIANESPACE supplies standard items and conduct standard 


services. 


In addition, Arianespace proposes a tailored proposes a tailored service: the General Range Service (G.R.S.) 
to suit the needs of satellite operations in French Guiana. Optional items and services to cover specific 


customer's requirements are available on request. 


These services are listed in the Technical Annexes of the Arianespace contract, they cover typically: 


1. Hardware Supply and Services 


ARIANESPACE shall supply the Hardware and 
Software to carry out the Mission, and provide 
services to the CUSTOMER as listed hereunder. 


1.1. Launch Service Management 


General Contract Management: 
Contract amendments, payments, 
configuration control, documentation, 
meetings, etc ;... 


planning, 
reviews, 


Launch Vehicle Production: 

Testing, acceptance, and quality aspects, etc... 
Mission Analyses 

Launch Base Operations 


Ground and Flight Safety: 
Interface with CSG for Safety Submissions. 


1.2. Hardware Supply 


Launch Vehicle Hardware: 
Including strap-on boosters, as applicable. 


Launch Vehicle Propellants 
One Flight Program 


Spacecraft Adaptor: 
Including the corresponding separation system. 


Umbilical Interface Connectors 


Fairing or Dual Launch Support Structure 
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2 Standard Access Doors: 


At authorised locations, for access to the 
encapsulated Spacecraft. 
2 Check-Out Terminal Equipment [COTE] 


Racks: 
Compatible with the ARIANE 5 launch table. 


1 Mission Logo: 
Design to be supplied at L-6 by CUSTOMER. 


1.3. Mission Analysis 


Trajectory Study 

Separation Analysis (Clearance, Kinematics, 
Collision) 

Orbit Characteristics & Dispersion 

Dynamic Coupled Load Analysis 

Thermal Analysis 

Radiofrequency Compatibility Analyses 


Support for S/C Design Reviews 

S/C Orbit & attitude data from L/V telemetry 
(immediately before S/C separation) 
Launch Evaluation Report [DEL] 


1.4 Operations 


Launch Vehicle Operations: 
All operations without S/C 


Combined Operations [POC]: 
S/C — Launch Vehicle Integration 


Countdown Execution: 
Up to Lift-Off 


Items and services 
for an Ariane launch 


Ariane 4 


2. General Range Support [GRS] 


The General range Support provides the 
CUSTOMER, on a lump sum basis, with a number 
of standard services and standard quantities of 
fluids (see list hereafter). 


Request(s) for additional services and/or supply of 
additional fluids exceeding the scope of the GRS 
can be accommodated, subject to negotiation 
between ARIANESPACE and the CUSTOMER. 


2.1. Transport Services 


Customer Personnel & Luggage: 
Transport from and to Rochambeau Airport and 
Kourou at arrival departure, as necessary. 


Spacecraft & Equipment: 
Subject to advanced notice and performed 
nominally within normal CSG working hours. 


Transport - : 

Availability outside normal working hours, 
Saturdays, Sundays and Public Holidays subject to 
advance notice and negotiations. 


From Cayenne to CSG and return. 


Various Freight Categories (standard, hazardous, 
fragile, oversized loads, low speed drive, etc...). 


Limited to 24 10ft pallets (or equivalent) in 2 
batches (plane or vessel). 


Spacecraft | nter-Site Transport : 

All CSG Inter-Site Transports of the Spacecraft 
either inside the S/C container, the ARIANE 
Payload Container [CCU], or encapsulated inside 
the Launch Vehicle Composite. 


Inter-Site Equipment Transport : 
All CSG Inter-Site Transports of CUSTOMER 
Equipment. 


Logistics Support: 

Support for Shipment and Customs procedures for 
the Spacecraft and its associated equipment, and 
for personal luggage and equipment transported 
as accompanied luggage. 


The following is included in the Transport 
Service: 


e Coordination of Loading/Unloading activities. 


e Transport from Rochambeau Airport and/or 
Degrad-des-Cannes harbour to CSG. 

e Return to Airport/Harbour 3 working days 
after Launch. 

• Depalletisation of Spacecraft Support 
Equipment on arrival to CSG, апа 
dispatching to the various working areas. 

e Palletisation of | Spacecraft Support 
equipment prior to departure from CSG to 
Airport/Harbour. 

e All work associated with the delivery of 
freight by the Carrier at Airport/Harbour. 

e CSG Support for the installation and removal 
of the Spacecraft Check-Out Equipment. 


The following is NOT included in the Transport 
Service: 


e The “octroi de mer” tax on equipment 
permanently imported to Guiana, if any. 

® Insurance for Spacecraft and its associated 
Equipment. 


The maximum temperature to which containers 
and packing may be exposed during any 
transport is 35°C. 


2.2. Payload Preparation Facilities 


The Payload Preparation Complex, with its 
personnel for support, may be used simultaneously 
by several customers. Specific facilities are 
dedicated to the CUSTOMER on the following 
basis: 


EPCU Facilities 

Standard conditions for temp. апа relative 
humidity do not exceed 24°C and 55%, 
respectively: 

Spacecraft Preparation (clean Room) 400 m? 

Lab for Check-Out Stations (LBC) 120 m? 
Offices and Meeting Rooms 220 m? 


Access to the EPCU: 
Restricted to authorised personnel only, 
permanantly controlled by Range Security. 


Access to offices, check-out stations and 
cleanrooms, is controled through a dedicated 
electronic card system. 


Cleanrooms are permanently monitored by a CCTV 
camera/tape system. 
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Access outside normal working hours: 
Access to the 51 facilities beyond normal working 
hours, is authorised, subject to the following 
restrictions: 

• No Range Support Provided. 

® No hazardous Operations 

e Crane utilisation only by certified personnel 

• No changes to the Facilities Configurations 
Schedule Restrictions: 
Launch Campaign duration is limited to 49 
calendar days, from S/C arrival in Guiana, to actual 
departure of associated equipment. 
but to 


Extension is is 


negociations. 


possible, subject 


Spacecraft Ground Support Equipment must be 
ready to leave the range within 3 working days 
after the Launch. 


Transfer of S/C and its associated equipment to 
the S3 facilities no earlier than 21 working days 
before Launch. 


After S/C transfer to S3, and upon request by 


ARIANESPACE, the S1 Cleanroom may be used by 
another S/C. 
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Range Operations: 

Based on 2 Shifts of 8 hours per working day. 
3 Shifts per day, and/or Saturday, Sunday or public 
holiday work is possible, but subject to 
negotiations. 


Standard MGSE: 
As per EPCU Manual. 


No-break Power Supply: 


51 Building 20 kVA 
53 Building 10 kVA 
Launch Pad 10 kVA 


Calibration Equipment: 
As per EPCU Manual 


Storage: 
Any storage of equipment during the campaign 
2 additional months for propellant storage 
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2.3. Communication Links 
The following communication services between the 


provided for the duration of a standard campaign 
(including technical assistance for connection, 


different Spacecraft preparation facilities will be 


validation and permanent monitoring): 


Service Type Number 
RF-Link Ku-Band (optical fiber) 1ТМ / ІТС 
Baseband Link Optical fiber 2 TM/ 2TC 
Data Link Romulus Network 4, for monitoring & remote 
control 
Umbilical Link Copperlines / COAX 2x37 pins for S/C umbilical & 


2x37 pins for auxiliary 
equipment 


Closed Circuit TV 


As necessary 


Intercom System 


As necessary 


Paging System TBD 

CSG telephone As necessary 
Int. Telephone Link 1) | With Access Code « 10 
Facsimile in S1 1) 2 


Video Conference 1) 


Shared with other users 


2 hours daily sessions 


1) Traffic to be paid, at cost, on CSG invoice after the campaign. 


2.4. Analyses and Operations 


Service Type Remarks 
Propellants 4 complete 
Chemical 10 partial, equiv. to 8 complete 
Analyses Gas & fluids particles 40 analyses 
Cleanroom organic deposit | 1 weekly 


Particle Count 


Clean room monitoring 


1 per day, one report weekly 


S/C Weighing 


їп EPCU buildings 


Adaptor Fit-Check 


Mechanical / electrical TBD 


At S/C arrival 


2.5. Fluid Deliveries 


Fluid Type Quantity 
GN2 N48 at 190 bar 24 B50 bottles 
GN2 Ground Supply in EPCU As necessary 
GHe N55 at 350 bar 24 B50 bottles 
IPA MOS-SELECTIPUR 400 liters 
Water Deionised As necessary 
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2.6. Miscellaneous 


No-break power: 
1.4 kVA in S1 offices for Customer PCs. 


Copy machines: 
2 in 51 area (1 for secretarial duties, 
extensive reproduction); paper provided. 


1 for 


Photo & Film processing: 

~ 500 prints (13 x 18 cm) and one broadcast 
quality video tape (or 16 mm movie) of 15 min 
duration, to document S/C operations in French 
Guiana. 


Video Transmission: 
Coverage of the Launch, signal available at 
Bercenay (France) and ETAM (USA East Coast). 


Video tape: 
Launch Coverage (NTSC, PAL or SECAM). 
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2.7. Additional Services 


Bilingual Secretary: 
(French/English) during normal working hours. 


Photographic Support: 
For technical still pictures. 


Room Reservation: 

In the ARIATEL Hotel resort at Customer's request 
(cancellation charges, if any, under Customers's 
responsibility). 


Customer Assistance 
Contractor): 

For housing, rental cars, flight 
banking, off-duty & leisure activities. 


(Customer & Spacecraft 


reservations, 


The following list is an abstract of the "Tailored 
and Optional Services List" available for the 
customer and which is updated on a yearly basis. 


Items and services Ariane 4 
for an Ariane launch 


N° Latest date for option 
request (in months) 


3. Optional items and services A xxx | Refer to the applicable 
Tailored and Optional 
3.1. Launch vehicle hardware Services List for the 


year of the launch 
Pyrotechnic command 
Electrical command 

Dry loop command 

S/C Data via L/V T.M. 
Radio transparent window 
Additional access doors 


3.2. Mission analysis B xxx 


Any additional Mission Analysis, dynamic analysis or flight 
program work due to changes made by the client 


3.3. Interface tests 
Any loan or purchase of equipment (adaptor, clampband, | C xxx 


bolts, separation pyro set) can be envisaged and is subject 
to previous test plan acceptance by ARIANESPACE. 


Mechanical compatibility test with ground test hardware 


Note: Fit-check with flight hardware is performed on the 
range. 


Mechanical compatibilty test - shock test 
Additional - Shock test performed during same period. 
Electrical or Radio Electrical Check 

3.4. Range operation 


Additional Shipment of spacecraft support equipment from | D xxx 
Cayenne to CSG and return. 


Extra working shift. 


Transmission of TV Launch coverage to the point of 
reception requested by Customer. 


Additional spacecraft mass (propellant loading) over the 
contractual mass depending of the actual vehicle 
performance 
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Format for application to use Ariane Annex 4 
Ju Introduction Include a 3D view drawing of spacecraft in orbit, 
7 "y an exploded view and the coverage zones (if 
SPACECRAFT description and mission summary: applicable). 
Manufactured by Model 
MASS DIMENSIONS 
• Total mass at launch TBD kg e Dimensions TBD т 
® Mass of satellite in TBD kg e Dimensions stowed for launch TBD m 
TBD orbit e Dimensions deployed on orbit TBD m 
STABILIZATION LIFETIME 
e Spin* TBD years 
e 3axis* 
MISSION SUMMARY | ү 
: : Telecommunication* Scientific* 
ы ала] Ma И Direct broadcasting* Radiolocalisation* 
• Travelling wave tube amplifiers: TBD Meteorological* Others* 
(if used) Remote sensing* 
e Transmit Frequency range: TBD W 
e Receive Frequency range. TBD W 
e EIRP: TBD 


ANTENNAS (TM/TC) 
Omniantenna direction and location 


PROPULSION SUB-SYSTEM 
Brief description: TBD (liquid/solid, number of thrusters..) 


ELECTRICAL POWER 


Solar array description (L x W) 
Beginning of life power TBD W 
End of life power TBD W 
Batteries description TBD (type, capacity) 


ATTITUDE CONTROL 
Type: TBD 


COVERAGE ZONES OF THE SATELLITE TBD (figure) 


(*) To be selected. 
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2. Mission characteristics 


2.1. Orbit description (if not standard 
GTO) 


Specify elements: 
- semi major axis, 
eccentricity, 
inclination, 
argument of perigee, 
any other elements constrained by the 
spacecraft, 
performance required. 


2.2. Launch window(s) definitions 
2.2.1. Constraints and relevant margins 


Solar aspect angle, eclipse, ascending node, 
inclination, right ascension... 


2.2.2. Preferred window 


Computed using the reference time and reference 
orbit described in the AR4 User's Manual, the 
resulting launch window must include at least the 
ARIANE dual launch window as specified in the 
User's Manual for any launch period, and 15 
preferably supplied as an electronic file (MS 
Excel). Constraints on opening and closing shall 
be identified and justified. 


2.3. Separation conditions 
2.3.1. Attitude pointing 


The desired direction of the S/C longitudinal axis 
is to be indicated and defined by reference to the 
following unit vectors: 


U= radius vector with its origin at the center of 
the earth, and passing through the 
intended orbit perigee. 


У = perpendicular to и in the intended orbit 
plane, having the same direction as the 
perigee velocity. 


W= perpendicular to u and v, such that u, v, w 
form a right handed system. 


The desired orientation of one lateral axis is to be 
similarly specified for 3-axis stabilized separations. 
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2.3.2. Separation mode and conditions 


Spinning or three axis stabilization (spin rate, 
depointing...). 


2.4. Roll and Attitude Control System 
(SCAR/SCA) sequence 


Any particular constraints on SCAR/SCA sequence, 
launcher commands required. 


2.5. Sequence of events after separation 
until final orbit (for information only) 


Describe main maneuvers from separation until 
final orbit including apogee firing schedule. 


3. Spacecraft description 
3.1. Spacecraft Systems of Axes 


Include a sketch showing the spacecraft system of 
axes, the axes are noted Xs, Ys, Zs and form a 
right handed set (s for spacecraft). 


3.2. Spacecraft geometry in the flight 
configuration 


A drawing and a reproducible copy of the overall 
spacecraft geometry in flight configuration is 
required. It should indicate the exact locations of 
any equipment requiring access through shroud, 
lifting points locations and define the lifting 
device. Detailed dimensional data will be provided 
for the parts of the S/C closest to the "static 
envelope" under shroud (antenna reflectors, 
deployment mechanisms, solar array panels, 
thermal protections,...). Preferably, а 3D model 
(IGES extension) shall be supplied with the DUA. 


3.3. Mass alignment inertia's (Nominal 
values and tolerances) 

The data required is for the spacecraft after 
separation. If the adaptor is user supplied, also 


add spacecraft in launch configuration with 
adaptor and adaptor just after separation. 
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Ariane 4 
to use Ariane 
3.3.1. Table 
Element Mass C of G Coefficients of inertia Matrix 
(i.e. s/c (kg) coordinates (kg. m2) 
adaptor) (mm) 
XG Үс & lxx lyy І> | ys Гу [уж 
Tolerances (kg) (mm) | (mm) (mm) | (mm) | (mm) (mm) mini mini mini 
maxi maxi maxi 
Notes: 3.3.2. Range of major/ minor inertia axis ratio 


- C of G coordinates are given in spacecraft axes 
with origin of the axes at the separation plane. 


Inertia matrix is calculated in spacecraft axes 
with origin of the axes at the Center of gravity. 


The coefficients of the Inertia matrix must be 
given under 1 g conditions. 


(ж) Тһе cross inertia terms must be intended as the 


opposite 


of the 


(Ixy = -Pxy). 


inertia products 


3.3.3. Dynamic out of balance (if applicable) 
Indicate the maximum dynamic out of balance in 


degrees. 
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3.3.4. Propellant / pressurant characteristics 


TANKS 1 2 3} 4 
PROPELLANT NTO MMH NTO MMH 
DENSITY (kg/m?) 1450 876 1450 876 
TANK VOLUME (1) 
FILL FACTOR (%) 
LIQUID VOLUME (1) 
LIQUID MASS (kg) 
CENTER OF GRAVITY XS 
OF PROPELLANT Ys 
LOADED TANK Zs 

PENDULUM 

MASS (kg) 

PENDULUM 

LENGTH (m) 

PENDULUM XS 

ATTACHMENT Ys 

POINT 75 
5105Н 
MODEL FIXED MASS 
Under TBD g (if any) 

FIXED MASS XS 

ATTACHMENT Ys 

POINT (if any) Zs 

FUNDAMENTAL 

SLOSHING MODE 

NATURAL FREQUENCY 

(Hz) 

PRESSURANT HELIUM 
TANKS 1 2 3 4 
VOLUME (I) 
LOADED MASS (kg) 
XS 
CENTER OF GRAVITY (mm) Ys 
Zs 


3.3.5. Angular momentum of rotating components 
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3.4. Mechanical Interfaces 
3.4.1. Spacecraft using Ariane supplied adaptor 


3.4.1.1. Interface geometry 


Provide a drawing with detailed dimensions and 
nominal tolerances showing: 


Spacecraft interface ring and keyway, spring seats 
and supports, umbilical connectors location and 
supports, separation sensors (if any), equipment in 
close vicinity of separation clampband (super 
insulation, plume shields, thrusters ). 


3.4.1.2. Interface material description 


For each spacecraft mating surface in contact with 
ARIANE adaptor and clampband, give: material, 
roughness, flatness, surface coating, rigidity 
(frame only), inertia and sufface (frame only). 


3.4.2. S/C providing its own adaptor 


Define adaptor and its interface with the launch 
vehicle (see specifications 5Т-0-Р-19-01 апа 
ST-0-P-19-02). 


Define the characteristics of the separation system 
including: 


1) Separation spring locations, type, diameter, 
free length, compressed length, spring 
constraint, energy. 

2) Tolerances on the above. 

3) Dispersion on spring energy vectors. 

4) Dispersion of separation system. 

5) Clampband tension. 

6) Dispersion on pyro device actuation times. 


3.4.3. Spacecraft accessibility requirements 
through shroud (fairing, SPELDA, SYLDA) 


Indicate items on the spacecraft to which access is 
required through shroud and give their exact 
locations in spacecraft coordinates. 
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3.5. Electrical interfaces 


3.5.1. Umbilical connectors(s) definition 


3.5.2. Umbilical cable link between the spacecraft 
on tower and launch center and the spacecraft 
blockhouse console or COTE located in the launch 
center, the payload room CMCU, or the launch 
table, respectively. 


Indicate voltage and current during launch 
preparation and also at POE extraction in the 
following tables. 
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Launch preparation 


S/C connector Max voltage | Max current Max voltage OR Expected 
pin allocation Function (V) (mA) drop one way 
number (AV) resistance 
(Q) 
POE extraction (Lift-Off) 
Function Max voltage Max current 
(V) (mA) 


3.5.3. Description of components, inserted mast 
junction box (if used) 


Mechanical interface: max dimensions TBD. 
Electrical interface: power: 1 kVA, 50 or 60 Hz. 


3.5.4. Block diagram showing lines functions on 
spacecraft side and blockhouse side 


3.5.5. Data links requirements (baseband and 
data network) between spacecraft and check-out 
system 


3.5.6. Description of additional links, used after 
spacecraft erection on launch vehicle, for test or 
ground operations 


3.5.7. Spacecraft earth potential reference point 
location on spacecraft interface frame 
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3.6. Radioelectrical interfaces 


3.6.1. Radio link requirements and disruption 
between spacecraft, launch center, spacecraft 
check-out system and preparation buildings S1, 53 


3.6.2. Antenna(e) diagrams and directivity 


Include transmit and receive points location of 
antenna(e) to be considered for radio links during 
launch preparation. 


3.6.3. Spacecraft transmit and receive systems 


3.6.3.1. Description of spacecraft telemetry 
and telecommand systems 


3.6.3.2. Description of payload 


telecommunications system (for information 
only) 
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3.6.3.3. System characteristics 
3.6.3.3.1 Оп board system 


For each TM and TC and system used on the ground and during launch, give the following: 


SOURCE UNIT DESIGNATION 51 52 Бел 
Function 
Band 
Carrier Frequency, Fo (MHz) 
Bandwidth centered -3 dB 
Around Fo -60 dB 
Carrier Type 
Modulation Index 
Carrier Polarization 
Local Oscillator Frequencies 
1* intermediate Frequency 
2™ intermediate Frequency 
Max 
EIRP, transmit (dbm) Nom 
Min 
Max 
Field strength Nom 
at antenna, receive (dbu V/M) 
Min 
Antenna Designation 
Location 
Gain 
Pattern 
3.6.3.3.2. Satellite ground station network (latitude and longitude) and the radio-electrical 
For each group station to be used for acquisition ЕВ 
and СТО operations (nominal and back-up 
stations) please indicate the geographical location 3.6.3.4. Spacecraft transmission plan 
Source Function During After H0- 1h30 
preparation on | until 20s after In transfer On station 
launch pad separation orbit 
S1 
52 
Ss 
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3.7 Environmental characteristics 


3.7.1 Fundamental modes (lateral, longitudinal) 
of spacecraft hardmounted at interface 


3.7.2 Thermal characteristics during launch 
preparation and boost phase including thermal 
limits 

3.7.3  Dissipated power during countdown and 
boost phase 


3.7.4. Contamination characteristics and 
constraints 


4. Operational requirements 


4.1. Provisional range operations 
schedule 


Include the definition of CCU interface and of the 
spacecraft lifting device 


4.2 Spacecraft Preparation in building S1 
(if applicable) 

4.2.1 Main operations list and description 

4.2.2 Power requirements 

Indicate Voltage, Amps, # phases, frequency, 
category (standard or no break). 

4.2.3 Facility equipment requirements 

4.2.4 RF and hardline links requirements 

4.2.5 Telecommunications requirements 
Telephone, Facsimile, Data lines, Time code, 
Telex... 


4.2.6 Miscellaneous 


4.3 Solid Motor and pyro equipment 
preparation in building S2 
(if applicable) 


4.3.1 Main operations list and description 

4.3.2 Power requirements 

Indicate Voltage, Amps, # phases, frequency, 
category (standard or no break). 

4.3.3 Facility equipment requirements 

4.3.4 Miscellaneous 
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4.4 SPM X-Ray in building S4 (if 
applicable) 


4.4.1 SPM description 
4.4.2 GSE description 


4.4.3 Facility equipment requirements (cold 
soak, films...) 


4.5 Spacecraft filling and assembly in 
building S3 

4.5.1 Main operations list and description 

4.5.2 Power requirements 

Indicate Voltage, Amps, # phases, frequency, 
category (standard or no break). 

4.5.3 Facility equipment requirements 

4.5.4 RF and hardline link requirements 

4.5.5 Miscellaneous 


4.6 Spacecraft preparation at servicing 
tower 


4.6.1 Main operation list and description 
4.6.2 Power requirements 
Indicate Voltage, Amps, Frequency. 


4.6.3 Facility equipment requirements 
4.6.4 Miscellaneous 


4.7. Transportation requirements 
Give also dimensions and weights of any non 
standard container. 


4.8 Hazardous items storage 
requirements 


4.8.1 Propellants 
4.8.2 Pyrotechnic devices 


4.9 Fluids and propellants requirements 
4.9.1 List of fluids 


Indicate type, quality, quantity and location for use 
of fluids to be supplied by AE. 
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4.9.2 Chemical and physical analysis to be 
performed at the range 


Indicate for each analysis: type and specification. 


4.9.3 Safety garments needed for propellants 
loading 


Indicate number and type. 


5. Сепега! 


5.1. Estimated packing list (including 
heavy and large container characteristics) 


Indicate designation, number, size (Ех W x Н 
in m) and mass (kg). 


5.2. Technical support requirements 


Workshop, instrument calibration. 


5.3 Hotel and cars reservations 


Estimate number of hotel rooms and rental cars 
required for the campaign. 


5.4. Miscellaneous services 


6.  Spacecraft development plan 


7. Tests 


7.1. Spacecraft test plan (vibration, 
acoustic, shocks...) 


Define the qualifcation policy, qualification 
(protoflight or qualification model). 


7.2. Requirements for test equipment 
(ACU's, clampband volume simulator...) 
7.3. Tests on the user's premises 


7.4. Tests at the range 


8. Definitions, acronyms, 
symbols 
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ANNEX Safety Submission Phase 1 


The User prepares a file containing all the 
documents necessary to inform CSG of his plans 
with respect to hazardous systems. This file 
contains a description of the hazardous systems. It 
responds to all questions on the hazardous items 
check list given in the document CSG Safety 
Regulations V2F3, and summarized here below. 


1  Electro-pyrotechnic devices 


1.1. | Category-A initiators (for operations which 
could be hazardous for personnel and/or 
equipment) 


1.2. Саѓедогу-В igniters(for operations which 
are not hazardous) 


1.3. Location 

1.4. Function 

1.5. Туре and manufacturer 
1.6. Production serial number 
1.7. | Bridge resistance 

1.8 No-fire current 

1.9 All fire current 

1.10. Firing current 

1.11. Selected firing current 
1.12. Checkout current 


1.13.  Probabilities associated to those currents 
and confidence level 


1.14. Time required for installation on spacecraft 
1.15. Location in spacecraft 

1.16.  Radio-sensitivity characteristics 

1.17. Electrostatic sensitivity characteristics 

1.8. Electrical initiation and control circuits 


2. Solid propellant motors 
2.1. International classification 


2.2. Manufacturer and references 
2.3. Previous use 


2.4. Description (structure, weight, nature of 
propellant) 


2.5. Ignition system 
2.6. Firing and monitoring circuit 
2.7. Storage and transfer containers 


2.8. Associated ground support equipment 


3. Liquid Propellants 


3.1. Does the payload and/or associated 
ground equipment contain hazardous fluids. If so, 
indicate quantities and specifications 


3.2. Description of the propulsion system 
3.3. Location and operation procedures 


4. Pressure vessels 
4.2. Nature of fluids - Pressure 


4.3. | Tanks: type and manufacturer, structure, 
safety factor, qualification and acceptance tests 


4.4. Associated ground support equipment 


5. Batteries 
5.1. Туре of batteries - Description 


5.2. ро they contain hazardous fluids 2 
5.3. | Charge 


6. Radiation 
6.1. — Non-ionising radiations 


Antennas: locations, direction and 
characteristics. 

Radiation power, spectrum of frequencies, 
schedules and places of emission. 


- Safety devices. 


6.2 lonising radiations 


Do the spacecraft or associated ground 
equipment transmit ionising radiations? 

Kind of radiation, activity, forseeable exposition, 
venting (radioactive gas). 

Operations and safety regulations. 
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7. Interface (if not provided by 
the launcher authority) 
7.1 Mechanical interfaces: 


Detailed description of the mechanical interface 
between the launcher and the payload 
(separation system). 


Detailed description of the mechanical and/or 
pneumatic between the launch tower and the 
payload. 


7.2 Electrical interfaces 


- Detailed description of the electrical interface 
between the launcher (adaptor) and the 
payload; separation devices, monitoring 
means, safety devices (Separation switches). 


Detailed description of the electrical interface 

between the launch tower and the payload: 

• Preparation and test equipment 

• Operations (arming, battery charge,) 

e List of voltages and currents on the umbilical 
cable conductors at the moment of plug 
release 


7.3 Umbilicals 


Type and number 
Fixation and extraction methods 


8. Miscellaneous 


8.1 Are the CSG Safety Regulations complied 
with? 


8.2 Is any waiver requested? 
8.3 Other safety problems not so far dealt with 
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Figures A.5.a, A.5.b, A.5.c and A.5.d show a 
projection of the interior of the fairing and 
SPELDA. They show which areas are authorized, 
subject to negotiation, or prohibited for the 
location of access doors. The standard version 
includes two access doors per spacecraft with an 
effective aperture 450 mm wide. 


Access through the SYLDA shell is provided by 
apertures designed to suit each mission according 
to the specific requirements of the spacecraft, 
within the following limits: 


Max. number of apertures: 4, 


Dimensions: each aperture required must be 
inscribed within a 200 x 200 mm square, 
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The distance between the centres of the 
circumscribed circles of two adjacent apertures 
must be greater than the sum of the diameters 
of these circles, 


Location areas for the apertures are shown in 
the annex related to the SYLDA. Their exact 
positions are determined by agreement with 
Arianespace. 


The position of the apertures required in the 
SYLDA will be optimised to align with the fairing 
doors. 


Any request for apertures outside the above limits 
will be subject to a special feasibility study. 
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Usable volume 


The free volume available to the payload, known 
as the "static volume", is shown in the figures A6-5 
to Аб-11. 


This volume constitutes the limits that the static 
dimensions of (іе spacecraft, including 
manufacturing tolerance, thermal protection 
installation, appendices..., may not exceed. 


It has been established having regard to the 
frequency requirements of paragraph 4.5.3. 
Allowance has been made for the flexibility of 
SPELDA, fairing, SYLDA and of the spacecraft. 
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The compatibility of the critical dimensions with 
the usable volume will be studied in greater depth 
by coupled load analysis, based on detailed 
informations provided by the User. 


In the present document, this volume has been 
increased up to a diameter of 3.75 m in the fairing 
cylinder, except in local areas. This dimension 
represents the ultimate boundary that the 
spacecraft must not exceed. A demonstration must 
be established by accurate measurement for any 
part of the spacecraft in the vicinity of the 
envelope. 
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Fig. A6.1 - Short SPELDA 
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Fig. A6.2 - Mini SPELDA 
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Fig. A6.3 - Payload fairing - External view 
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Fig. A6.4 - Payload fairing - Internal view 
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Fig. A6.9 - Usable volume beneath short SPELDA (type 10) 
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Fig. A6.10 - Usable volume beneath mini SPELDA (type 30) 
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Raising cylinders 
ACY 1920 and ACY 2624 


Annex 7 


Two types of raising cylinders are available on 
Ariane 4 to adapt the height of an adaptor inside 
the usable volume: ACY 1920 and ACY 2624. 


When used, they are integrated at the base of the 
adaptor. Their diameters correspond to the two 
standard bolted interface of Ariane 4, i.e. @ 1920 
and @ 2624. 


Their typical heights and masses are: 
ACY 1920: 400, 500 or 550 mm (20, 23 or 
25 kg). 


ACY 2624: any height between 500 and 
1000 mm (from 75 to 95 kg). 


Different heights can be manufactured on special 
request to ARIANESPACE. 


The umbilical routing and harness length on the 
adaptor are adjusted to take into account the 
raising cylinder. 
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Апапе 4 


© 937 interface adaptors 
937, 937C, 937V4, SYLDA 
S/C interface frame shoe angle: 20° Annex 8 


The adaptors described in this annex present the 
same interface frame definition for the spacecraft. 
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Апапе 4 


Adaptor 937 


Аппех 8.1 


This adaptor is а carbon fibre structure in the form 
of a truncated cone, with a diameter of 937 mm at 
the level of the spacecraft separation plane. It is 
attached to the reference plane (2 1920) by a 
bolted connector frame, and also provides for 
spacecraft separation. 


The 937 has a mass of 48 kg. 


The actual spacecraft pair of values (Meu, Хе) must 
remain within admissible limits as defined in figure 
A8.1.1. 


The spacecraft is secured to the adaptor interface 
frame by a clampband. This comprises a metal 
strip applying a series of clamps to the payload 
and adaptor frames. The clampband assembly 
comprises two half clampbands, connected by 
bolts which are cut pyrotechnically to release the 
clampband, which is then held captive by the 
adaptor assembly. 


The clampband tension does not exceed 18 300 N 
at any time, it is defined to ensure no gapping 
between the spacecraft and adaptor interface 
frames in ground and flight environment. 


The spacecraft is forced away from the launch 
vehicle by 4 springs integral with the adaptor and 
bearing on supports fixed to the spacecraft rear 
frame. The relative velocity between the adaptor 
and the spacecraft is about 0.5 m/s. 


The force exerted on the spacecraft by each spring 
does not exceed: 900 N. 


Adaptors are equipped either with external or 
internal springs on user request. 


Umbilical connectors brackets: on the spacecraft 
side, the connectors brackets must be stiff enough 
to prevent any deformation greater than 0.5 mm 
under the maximum force of the connector spring. 
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Fig. A8.1.4. - 937 spacecraft configuration 


General view and main characteristics 
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Fig. A8.1.5. - 937 adaptor interface frame (details) 
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Fig. A8.1.7. - 937 adaptor mechanical interfaces (details) 
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Fig. A8.1.8. - 937 spacecraft mechanical interface (details) 
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Fig. A8.1.10.- Usable volume beneath short SPELDA (type 10) 
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Adaptor 937C 


Annex 8.2 


This adaptor is a metallic structure in the form of a 
truncated cone, with a diameter of 937 mm at the 
level of the spacecraft separation plane. It is 
attached to the reference plane (2 1920) by a 
bolted connector frame, and also provides for 
spacecraft separation. 


The 937 C adaptor has a mass of 55 kg. 


The actual spacecraft pair of values (Mcu, Хе) must 
remain within admissible limits as defined in figure 
A8.2.1. 


The spacecraft is secured to the adaptor interface 
frame by a clampband. This comprises a metal 
strip applying a series of clamps to the payload 
and adaptor frames. The clampband assembly 
comprises two half clampbands, connected by 
bolts which are cut pyrotechnically to release the 
clampband, which is then held captive by the 
adaptor assembly. 

The clampband tension does not exceed 18 300 N 
at any time, it is defined to ensure no gapping 
between the spacecraft and adaptor interface 
frames in ground and flight environment. 


The spacecraft is forced away from the launch 
vehicle by 4 springs part of the adaptor and 
bearing on supports fixed to the spacecraft rear 
frame. The relative velocity between the adaptor 
and the spacecraft is about 0.5 m/s. 


The force exerted on the spacecraft by each spring 
does not exceed: 900 N. 


This adaptor is equipped either with external or 
internal springs on user request. 


Two microswitches used to detect separation are 
located inside spring guides (See fig. A8.2.7). 


The adaptor assembly provides bearing faces for 
the spacecraft microswitches aligned on the spring 
centre lines. (See fig. A8.2.9). 


Two microswitches used to detect separation are 
located inside spring guides (figure А8.1-8). 
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The adaptor assembly can provide bearing faces 
for the spacecraft microswitches aligned on the 


spring centre lines (figure A8.1.10). 


Special constraints: 


e Following spacecraft/adaptor mating, the 
displacement of any point of the supports fixed 
to the spacecraft rear frame and bearing to 
the separation springs mut be less than 
0.5 mm. 

e The spacecraft rear frame must бе 
manufactured from aluminium alloy. 

e Umbilical connectors brackets: on the 


spacecraft side, the connectors brackets must 
be stiff enough to prevent any deformation 
greater than 0.5 mm under the maximum 
force of the connector spring. 
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Fig. A8.2.4. - 937C spacecraft configuration view and main characteristics 
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Fig. A8.2.5. - Adaptor 937C interface frame (details) 
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Fig. A8.2.6. - 937C spacecraft interface frame (details) 


Issue 2 Rev. 0 A8.2-7 


42.42 


Adaptor 937C Ariane 4 
Sep. plane 


© Released microswitch 9 


Ø 1104.9 
INTERNAL 


EXTERNAL 74.7 28255 SEPARATION 
SEPARATION SPRINGS 
SPRINGS 
> — 
| | р 
+ | и Oe А 
Launcher 
Separation 


Microswitch 


@ 1219 
ADJUSTABLE 
| 


on request to 
ARIANESPACE both 
connector keyways may 
be radial internally 
positionned 


51.86+0.3 


ЗЕСТЮМ А-А 


Fig. A8.2.7. - 937С adaptor mechanical interfaces (details) 


A8.2-8 Rev. 0 Issue 2 


Апапе 4 Adaptor 937C 


EXTERNAL SPRING SEATS INTERNAL SPRING SEATS 


50.8+0.1 


0937.87 


0937.87 
S/C CONNECTOR FITTING Allowed Volume For S/C 
Umbilical Connector 
ВЕТАР DETAIL J 


| 0% 
4 HOLES 0 3.15*0.15 


DETAIL Н 


54 


Max. allowable volume 
for screw head. 


DBAS 70 270S.|_ 2 | 55 


D BAS 70 27 OS.| 4.3 | 60 61270 


6%.15%0.20 


N Sep. plane 


x .87 


Fig. A8.2.8. - 937C spacecraft mechanical interface (details) 


Issue 2 Rev. 0 A8.2-9 


Adaptor 937С Апапе 4 


DUAL LAUNCH-UPPER POSITION 
Adaptor 937C 


FAIRING TYPE 01 FAIRING TYPE 02 


| В 543 


В 543 


\\ 


| 
| 
| | 
= | | 
ч 
EA | 
= 
y | 
m 
m | 
| 
| 
REFER ТО ANNEX 6 FOR DETAILED 
USABLE VOLUME UNDER FAIRING 
03750 
| 
01270 
N 
~о 
N 
N 


| Mounting plane 


Fairing/SPELDA 


12' *: Ø 851 EXTERNAL SPRINGS 
Ø 724 INTERNAL SPRINGS 


Fig. A8.2.9. - Usable volumes beneath fairings 01 and 02 


A8.2-10 Rev. 0 Issue 2 


Апапе 4 Adaptor 937С 


DUAL LAUNCH-INNER POSITION 
Adaptor 937С 


01920 


E 
m 
- БЕУ AS 
S/C separation plane See detail J 
Fig 48.2.8 
15° ‚ Mounting plane 
12 VEB/Third stage 


* : 0851 EXTERNAL SPRINGS 
@ 724 INTERNAL SPRINGS 


Fig. A8.2.10. - Usable volume beneath short SPELDA (type 10) 


Issue 2 Rev. 0 A8.2-11 


Адарїог 937С Апапе 4 


DUAL LAUNCH - INNER POSITION 
Adaptor 937C 


01920 
61660 
4 | 
С 
| 
| 
03500 
i 5 
а со 
© 
NJ xX 
АБЫ? = cr Шәй 
Ds IN. 


i N ДЕ xe = ANS 
Mini SPELDA/VEB Е ДА АДАМА 


Mounting plane 
See detail J 
Fig A8.2.8 
S/C sep. plane 


Mini SPELDA sep. plane 


Mounting plane 
VEB Thick "Stage * : @ 851 EXTERNAL SPRINGS 
@ 724 INTERNAL SPRINGS 


Fig. A8.2.11. - Usable volume beneath mini SPELDA (type 30) 


A8.2-12 Rev. 0 Issue 2 


Апапе 4 


Adaptor 937С 


DUAL LAUNCH - INNER POSITION 
Adaptor 937C 


01920 


Stretched Mini SPELDA/VEB See detail J 
Mounting plane Fig A8.2.8 


Stretched Mini SPELDA sep. plane 


S/C sep. plane 


Mounting plane 
VEB/Third stage * : @851 EXTERNAL SPRINGS 


© 724 INTERNAL SPRINGS 
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Adaptor 937V4 


Annex 8.3 


This 937V4 adaptor is a carbon fibre structure in 
the form of a truncated cone, with a diameter of 
937 mm at the level of the spacecraft separation 
plane. It is attached to the reference plane 
(@ 2624) by a bolted connector frame, and also 
provides for spacecraft separation. 


This 937V4 adaptor has a mass of 77 kg. 


The actual spacecraft pair of values (Mcu, Хе) must 
remain within admissible limits as defined in figure 
A8.3.1. 


The spacecraft is secured to the adaptor interface 
frame by a clampband. This comprises a metal 
strip applying a series of clamps to the payload 
and adaptor frames. The clampband assembly 
comprises two half clampbands, connected by 
bolts which are cut pyrotechnically to release the 
clampband, which is then held captive by the 
adaptor assembly. 


The clampband tension does not exceed 18 300 N 
at any time, it is defined to ensure no gapping 
between the spacecraft and adaptor interface 
frames in ground and flight environment. 


The spacecraft is forced away from the launch 
vehicle by 4 springs integral with the adaptor and 
bearing on supports fixed to the spacecraft rear 
frame. The relative velocity between the adaptor 
and the spacecraft is about 0.5 m/s. 

The force exerted on the spacecraft by each spring 
does not exceed: 900 N. 


Adaptors are equipped either with external or 
internal springs on user request. 


Two microswitches used to detect separation are 
located inside spring guides (see Fig. A8.3.7). 


The adaptor assembly can provide bearing faces 
for the S/C microswitches aligned on the spring 
centre lines. 


Umbilical connectors brackets: on the spacecraft 
side, the connectors brackets must be stiff enough 


Issue 2 


to prevent any deformation greater than 0.5 mm 
under the maximum force of the connector spring. 


Note: The adaptor cone is made of two parts: 
the cone itself and the upper frame. In 
order to ease the clampband installation, 
the upper frame can be dismantled from 
the cone. Mating of the spacecraft is, in 
that case, performed їп two steps: 
clampband installation, and then bolting of 
the spacecraft and adaptor upper frame to 
the cone. To perform this operation, a 
stiffening tool is used which reduced the 
diameter of the inner usable volume to 


650 mm (see Figures A8.3.11 to A8.3.14). 
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Fig. A8.3.6. - 937V4 spacecraft interface frame (details) 


Issue 2 Rev. 0 A8.3-7 


Adaptator 937V4 Ariane 4 


INTERNAL 
EXTERNAL SEPARATION 
SEPARATION SPRINGS 


SPRINGS 


Launcher 
Separation 
Microswitch 


on request to 
ARIANESPACE both 
connector keyways may 
be radial internally 
positionned 


SECTION A-A 


Fig. A8.3.7. - 937V4 adaptor mechanical interfaces (details) 


A8.3-8 Rev. 0 Issue 2 


Апапе 4 


Adaptor 937V4 
EXTERNAL SPRING SEATS INTERNAL SPRING SEATS 
01104.9 
| 
@825.5 
" ‚8+0.1 
| e | 
S 
а _ Зер. р!апе 
0937.87 
0937.87 
| S/C CONNECTOR FITTING Allowed Volume For S/C 
Umbilical Connector 
DETAIL H DETAIL J 
| 4 HOLES Ø 3.15#0.15 0% 


DETAIL H 


54 


Max. allowable volume 
for screw head. 


Sep. plane 


*| А @ @1219 
[DBAS70270S.| 2 | 55 
О BAS 70 27 OS.| 4.3 | 60 01270 
ora 


(SSSA 
2 max 


\ 
\ 
\ 
\ 
| 
| 
\ 
\ 
\ 
% 


64.15+0.20 


LLL _ Бер. рјапе . 


on ‚87 


Fig. A8.3.8. - 937V4 spacecraft mechanical interface (details) 


Issue 2 Rev. 0 A8.3-9 


Adaptator 937V4 Ariane 4 


SINGLE LAUNCH 
Adaptor 937М4 


R543 
Е ћ 
Ри 
т 14.5° 3 
| + 
| m 
e 
& .5° | | ^ 
ч 
: | 
ЈА | 
ғА 
| | 
= 
| 
y y REFER TO Ея FOR DETAILED 
USABLE VOLUME UNDER FAIRING 
Q 
% 
Q 
| | 
/ 
m 
– 7 _%_ 
г~ 
З 
Mounting plane 
VEB/Third stage a o DETAIL J See fig A8.3.8 
42 45 
i ж : 0851 EXTERNAL SPRINGS 
ыш. Ж 0 724 INTERNAL SPRINGS 


see note on page A8.3.1 


Fig. A8.3.9. - Usable volume beneath fairings 01 and 02 


A8.3-10 Rev. 0 Issue 2 


Апапе 4 Adaptor 937V4 


DUAL LAUNCH - INNER POSITION 
Adaptor 937V4 


01920 


01660 


3821 


2841 


2141 


dl 


Ес---- 
50.8 


o 
~ 
А > 
ч 
N 
ZN 
S/C separation plane 
See detail J 
Fig A8.3.8 
15° Mounting plane 


12* VEB/Third stage 


ж: 0851 EXTERNAL SPRINGS 
@ 724 INTERNAL SPRINGS 
see note on page A8.3.1 


Fig. A8.3.10. - Usable volume beneath short SPELDA (type 10) 
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Fig. A8.3.11. - Usable volume beneath mini SPELDA (type 30) 
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Fig. A8.3.12. - Usable volume beneath stretched mini SPELDA (type 40) 
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SYLDA dual launch 
adaptor 


Annex 8.4 


The mechanical interfaces between the inner or 
upper spacecraft and the SYLDA are identical. Each 
spacecraft rests on a frame, the alignment 
diameter of which is 937.62 mm in the separation 
plane. The structures adjacent to these frames 
incorporate supports for the umbilical connectors, 
and spacecraft separation systems. 


Each spacecraft is secured to its interface frame by 
a clampband. This comprises a metal strip applying 
a series of clamps to the payload and SYLDA 
frames. The clampband tension does not exceed 
20000 N at any time, it is defined to ensure no 
gapping between the spacecraft and adaptor 
frames in ground and flight environment. The 
clampband assembly comprises two  half- 
clampbands, connected by bolts which are cut 
pyrotechnically to release the clampband, which is 
then held captive by the SYLDA assembly. 


The spacecraft is forced away from the launch 
vehicle by 4 springs, integral with the SYLDA and 
bearing on supports fixed to the spacecraft rear 
frame. The relative velocity between SYLDA and 
the spacecraft is about 0.5 m/s. The force exerted 
on the spacecraft by each spring does not exceed 
1200 М. The positions of these springs may be 
selected by the User, inside or outside the 
spacecraft interface frame. Outside springs are 
recommended for better clearance at separation. 


Issue 2 


Rev. 0 


Orientation of the spacecraft with respect to the 
launch vehicle is by a keyway corresponding to the 
launch - vehicle Z axis. 


Following spacecraft/Ariane adaptor assembly, the 
displacement of any point of the supports fixed to 
the spacecraft rear frame and bearing on the 
Ariane separation devices (springs or actuators) 
must be less than 0.5 mm. 


Two microswitches used to detect separation are 
located on the SYLDA inside spring guides. The 
SYLDA assembly provides bearing faces for the 
spacecraft microswitches, aligned on the spring 
centre lines (see figures A8.4.9 and A8.4.10). 

The spacecraft rear frame must be manufactured 
from aluminium alloy. 


The fundamental bending-mode frequency of each 
satellite, assumed to be hard-mounted, should be 
at least 15 Hz and preferably higher. 


The frequency of the principal longitudinal modes 
should be 35 Hz or more. 
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Fig. A8.4.4. - Spacecraft configuration 
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S/C interface frame shoe angle: 15° Annex 9 


The adaptors described in this annex present the 
same interface definition shape for the spacecraft. 
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Adaptor 937B 


Annex 9.1 


This adaptor is a carbon fibre structure in the form 
of a truncated cone, with a diameter of 937 mm at 
the level of the spacecraft separation plane. It is 
attached to the reference plane (2 1920) by a 
bolted connector frame, and also provides for 
spacecraft separation. 


The 937 B adaptor has a mass of 60 kg. 


The actual spacecraft pair of values (Mcu, Хе) must 
remain within admissible limits as defined in figure 
A9.1.1. 


The spacecraft is secured to the adaptor interface 
frame by a clampband. This comprises a metal 
strip applying a series of clamps to the payload 
and adaptor frames. The clampband assembly 
comprises two half clampbands, connected by 
bolts which are cut pyrotechnically to release the 
clampband, which is then held captive by the 
adaptor assembly. 


The clampband tension does not exceed 27 700 N 
at any time, it is defined to ensure no gapping 
between the spacecraft and adaptor interface 
frames in ground and flight environment. 


The spacecraft is forced away from the launch 
vehicle by 4 springs part of the adaptor and 
bearing on supports fixed to the spacecraft rear 
frame. The relative velocity between the adaptor 
and the spacecraft is about 0.5 m/s. 


The force exerted on the spacecraft by each spring 
does not exceed: 1 500 N. 


Adaptor is equipped either with external or internal 
springs on user request. 


The figures A9.1.3 and A9.1.7 define the location 
and the design of L/V microswitches. 


Umbilical connectors brackets: on the spacecraft 
side, the connectors brackets must be stiff enough 
to prevent any deformation greater than 0.5 mm 
under the maximum force of the connector spring. 
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Fig. A9.1.4. - 937B spacecraft configuration 


General view and main characteristics 
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Fig. A9.1.7. - Adaptor 937B mechanical interfaces (details) 
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Fig. A9.1.10. - Usable volume beneath short SPELDA (type 10) 
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Adaptor 937VB4 


Annex 9.2 


This 937VB4 adaptor is a carbon fibre structure in 
the form of a truncated cone, with a diameter of 
937 mm at the level of the spacecraft separation 
plane. It is attached to the reference plane (2 
2624) by a bolted connector frame, and also 
provides for spacecraft separation. 


The 937VB4 adaptor has a mass of 82 kg. 

The actual spacecraft pair of values (Mcu, XG) 
must remain within admissible limits as defined in 
figure A9.2.1. 


The spacecraft is secured to the adaptor interface 
frame by a clampband. This comprises a metal 
strip applying a series of clamps to the payload 
and adaptor frames. The clampband assembly 
comprises two half clampbands, connected by 
bolts which are cut pyrotechnically to release the 
clampband, which is then held captive by the 
adaptor assembly. 


The clampband tension does not exceed 27 700 N 
at any time, it is defined to ensure no gapping 
between the spacecraft and adaptor interface 
frames in ground and flight environment. 


The spacecraft is forced away from the launch 
vehicle by 4 springs part of the adaptor and 
bearing on supports fixed to the spacecraft rear 
frame. The relative velocity between the adaptor 
and the spacecraft is about 0.5 m/s. 


The force exerted on the spacecraft by each spring 
does not exceed: 1 500 N. 


Adaptor is equipped either with external or internal 
springs on user request. 

The figure A9.2.6 defines the location and the 
design of L/V microswitches. 


Umbilical connectors brackets: on the spacecraft 
side, the connectors brackets must be stiff enough 
to prevent any deformation greater than 0.5 mm 
under the maximum force of the connector spring. 
Note: The adaptor cone is made of two parts: 
the cone itself and the upper frame. In 
order to ease the clampband installation, 
the upper frame can be dismantled from 
the cone. Mating of the spacecraft is, in 
that case, performed їп two steps: 
clampband installation, and then bolting of 
the spacecraft and adaptor upper frame to 
the cone. To perform this operation, a 
stiffening tool is used which reduced the 
diameter of the inner usable volume to 


650 mm (see figures A9.2.10 to A9.2.13). 
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Fig. A9.2.4. - 937VB4 spacecraft configuration 


General view and main characteristics 
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Fig. A9.2.12. - Usable volume beneath stretched mini SPELDA (type 40) 
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Adaptor 937VD 


Annex 9.3 


This 937VD adaptor is a metallic structure in the 
form of a truncated cone, with a diameter of 937 
mm at the level of the spacecraft separation plane. 
It is attached to the reference plane (@ 2624) by a 
bolted connector frame, and also provides for 
spacecraft separation. 


The 937VD adaptor has a mass of 87.5 kg. 


The actual spacecraft pair of values (Meu, Хе) must 
remain within admissible limits as defined in figure 
А9.3.1. 


The spacecraft is secured to the adaptor interface 
frame by a clampband. This comprises a metal 
strip applying a series of clamps to the payload 
and adaptor frames. The clampband assembly 
comprises two half clampbands, connected by 
bolts which are cut pyrotechnically to release the 
clampband, which is then held captive by the 
adaptor assembly. 


The clampband tension does not exceed 27 700 N 
at any time, it is defined to ensure no gapping 
between the spacecraft and adaptor interface 
frames in ground and flight environment. 


The spacecraft is forced away from the launch 
vehicle by 4 springs part of the adaptor and 
bearing on supports fixed to the spacecraft rear 
frame. The relative velocity between the adaptor 
and the spacecraft is about 0.5 m/s. 


The force exerted on the spacecraft by each spring 
does not exceed: 1 500 N. 


Adaptor is equipped with internal springs. 
The figure A9.3.7 defines the location and the 
design of L/V microswitches. 


Umbilical connectors brackets: on the spacecraft 
side, the connectors brackets must be stiff enough 
to prevent any deformation greater than 0.5 mm 
under the maximum force of the connector spring. 
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Fig. A9.3.1. - Limit loads of adaptor 937VD at separation plane 
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Fig. A9.3.2. - Adaptor 937VD 
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Fig. A3.3.3. - Adaptor 937VD 
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Fig. A.3.4. - 937VB spacecraft configuration 


General view and main characteristics 
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Fig. A9.3.5. - Adaptor 937VD forward frame 
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Fig. A9.3.6. - 937VD spacecraft interface frame (details) 
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Fig. A9.3.6. - 937VD spacecraft interface frame (details) 
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Fig. A9.3.7. - Adaptor 937VD mechanical interfaces (details) 
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Fig. A9.3.8. - 937VD spacecraft mechanical interface (details) 
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DUAL LAUNCH - INNER POSITION 
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Fig. A9.3.9. - Usable volume beneath mini SPELDA (type 30) 
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Fig. A9.3.10. - Usable volume beneath stretched mini SPELDA (type 40) 
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Adaptor 9370 


Аппех 9.4 


This 9370 adaptor is a metallic structure in the 
form of a truncated cone, with a diameter of 
937 mm at the level of the spacecraft separation 
plane. It is attached to the reference plane 
(© 1920) by a bolted connector frame, and also 
provides for spacecraft separation. 


The 937D adaptor has a mass of 75 kg. 


The actual spacecraft pair of values (Mcu, Хе) 
must remain within admissible limits as defined in 
figure А9.4.1. 


The spacecraft is secured to the adaptor interface 
frame by a clampband. This comprises a metal 
strip applying a series of clamps to the payload 
and adaptor frames. The clampband assembly 
comprises two half clampbands, connected by 
bolts which are cut pyrotechnically to release the 
clampband, which is then held captive by the 
adaptor assembly. 


The clampband tension does not exceed 27 700 N 
at any time, it is defined to ensure no gapping 
between the spacecraft and adaptor interface 
frames in ground and flight environment. 


The spacecraft is forced away from the launch 
vehicle by 4 springs part of the adaptor and 
bearing on supports fixed to the spacecraft rear 
frame. 


The relative velocity between the adaptor and the 
spacecraft is about 0.5 m/s. 


The force exerted on the spacecraft by each spring 
does not exceed: 1 500 N. 


Adaptor is equipped with internal springs. 
The figure A9.4.3 and A9.4.7 defines the location 
and the design of L/V microswitches. 


Umbilical connectors brackets: on the spacecraft 
side, the connectors brackets must be stiff enough 
to prevent any deformation greater than 0.5 mm 
under the maximum force of the connector spring. 
Note: The adaptor cone is made of two parts: 
the cone itself and the upper frame. In 
order to ease the clampband installation, 
the upper frame can be dismantled from 
the cone. Mating of the spacecraft is, in 
that case, performed іп two steps: 
clampband installation, and then bolting of 
the spacecraft and adaptor upper frame to 
the cone. To perform this operation, a 
stiffening tool is used which reduced the 
diameter of the inner usable volume to 


650 mm (see figures A9.4.10 to A9.4.13). 
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Fig. A9.4.2. - Adaptor 9370 
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Fig. A9.4.3. - Adaptor 937D 


General view and main characteristics 
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Fig. A9.4.4. - 937D spacecraft configuration 


General view and main characteristics 
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Fig. A9.4.5. - Adaptor 937D forward frame 
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Fig. A9.4.6. - 937D spacecraft interface frame (details) 
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Fig. A9.4.7. - Adaptor 937D mechanical interfaces (details) 
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Fig. A9.4.8. - 9370 spacecraft mechanical interface (details) 
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Fig. A9.4.9. - Usable volume beneath fairings 01 and 02 
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Fig. А9.4.10. - Usable volume beneath short SPELDA (type 10) 
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Fig. A9.4.11. - Usable volume beneath mini SPELDA (type 30) 
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Fig. A9.4.12. - Usable volume beneath stretched mini SPELDA (type 40) 
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Апапе 4 


Adaptor 1194А 


Аппех 10.1 


This 1194A adaptor is a carbon fibre structure in 
the form of a truncated cone with a diameter of 
1194 mm at the level of the spacecraft separation 
plane. It is attached to the @ 1920 reference plane 
by means of a bolted frame and provides for 
spacecraft separation. 


The spacecraft rests on the forward frame of the 
adaptor and is secured by a clampband. The latter 
consists of a metal strip which holds in place a 
series of clamps hooked on to the spacecraft and 
adaptor frames. At separation, the band is severed 
in two places by a bolt cutter mounted on the 
adaptor, the pieces remaining captive to the 
adaptor. 


The spacecraft is forced away from the launch 
vehicle by a series of actuators (4 to 12) forming 
part of the vehicle and bearing on the spacecraft 
rear frame. The relative velocity between the 
adaptor and the spacecraft is about 0.5 m/s. Once 
the clampband is fitted, each actuator exerts a 
force of less than 1200 N on the rear spacecraft 
frame. 


The actual spacecraft pair of values (Mcu, Хе) 
must remain within admissible limits as defined in 
figure A10.1.1. 


The 1194А adaptor has a mass of 45 kg. 


Figure A10.1.6 gives the dimensions of the 
spacecraft-frame butt. Apart from correct 
observance of these dimensions, this frame must 
be manufactured in an aluminium alloy. 


The clampband tension does not exceed 28 200 N 
at any time, it is defined to ensure no gapping 
between the spacecraft and adaptor interface 
frames in ground and flight environment. 


The angular positionning of the spacecraft on the 
adaptor is ensured by alignment of engraved 
marks on the interfacing frames. 


Umbilical connectors brackets: on the spacecraft 
side, the connectors brackets must be stiff enough 
to prevent any deformation greater than 0.5 mm 
under the maximum force of the connector spring. 
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Fig. A10.1.2. - Adaptor 1194A 


Shock spectrum at separation plane 
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Fig. А10.1.3 - Adaptor 1194A 


General view and main characteristics 
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Fig. А10.1.4. - Adaptor 1194A mechanical interfaces (details) 
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Fig. A10.1.6. - Adaptor 1194A - Spacecraft rear frame 


Issue 2 Rev. 0 


Applicable length L= 25 mm 


Adaptor 1194A 


A10.1-7 


Адарїог 1194А 


Апапе 4 


Limit of allowable 7 
S/C Usable Volume 


___Separation plane 


@ 1578.25 
22 
GEA ADJUSTABLE 


Separation plane 


Note : On request to ARIANESPACE 
both connector Keyways may 
be radial internally positionned 


S/C CONNECTOR FITTING 
DETAIL A 


4 HOLES @ 3.15%0.15 


SECTION A-A 


Max. allowable volume 
for screw head. 


DBAS 70 27 OS.| 2 
| D BAS 70 27 OS.| 4.3 | 


Fig. А10.1.7. - Adaptor 1194A : umbilical connectors 
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Fig. А10.1.8. - Usable volumes beneath fairings 01 and 02 
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Fig. А10.1.9. - Usable volumes beneath fairings 01 and 02 
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Fig. A10.1.10. - Usable volume beneath short SPELDA (type 10) 
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Fig. A10.1.11. - Usable volume beneath mini SPELDA (type 30) 
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Fig. A10.1.12. - Usable volume beneath stretched mini SPELDA (type 40) 
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Аппех 10.2 


This 1194B adaptor is а carbon fibre structure in 
the form of a truncated cone with a diameter of 
1194 mm at the level of the spacecraft separation 
plane. It is attached to the @ 1920 reference plane 
by means of a bolted frame and provides for 
spacecraft separation. 


The spacecraft rests on the forward frame of the 
adaptor and is secured by a clampband. The latter 
consists of a metal strip which holds in place a 
series of clamps hooked on to the spacecraft and 
adaptor frames. At separation, the band is severed 
in two places by a bolt cutter mounted on the 
adaptor, the pieces remaining captive to the 
adaptor. 


The spacecraft is forced away from the launch 
vehicle by a series of actuators (4 to 12) forming 
part of the vehicle and bearing on the spacecraft 
rear frame. The relative velocity between the 
adaptor and the spacecraft is about 0.5 m/s. Once 
the clampband is fitted, each actuator exerts a 
force of less than 1200 N on the rear spacecraft 
frame. 


The actual spacecraft pair of values (Mcu, Хе) 
must remain within admissible limits as defined in 


figure A10.2.1. 


The 1194B adaptor has a mass of 60 kg. 


Figure A10.2.6 gives the dimensions of the 
spacecraft-frame butt. Арай from correct 
observance of these dimensions, this frame must 
be manufactured in an aluminium alloy. 


The clampband tension does not exceed 28 200 N 
at any time, it is defined to ensure no gapping 
between the spacecraft and adaptor interface 
frames in ground and flight environment. 


The angular positionning of the spacecraft on the 
adaptor is ensured by alignment of engraved 
marks on the interfacing frames. 


Umbilical connectors brackets: on the spacecraft 
side, the connectors brackets must be stiff enough 
to prevent any deformation greater than 0.5 mm 
under the maximum force of the connector spring. 
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Annex 10.3 


This 1194V4 adaptor is a carbon fibre structure in 
the form of a truncated cone with a diameter of 
1194 mm at the level of the spacecraft separation 
plane. It is attached to the @ 2624 reference plane 
by means of a bolted frame and provides for 
spacecraft separation. 


The spacecraft rests on the forward frame of the 
adaptor and is secured by a clampband. The latter 
consists of a metal strip which holds in place a 
series of clamps hooked on to the spacecraft and 
adaptor frames. At separation, the band is severed 
in two places by a bolt cutter mounted on the 
adaptor, the pieces remaining captive to the 
adaptor. 


The spacecraft is forced away from the launch 
vehicle by a series of actuators (4 to 12) forming 
part of the vehicle and bearing on the spacecraft 
rear frame. The relative velocity between the 
adaptor and the spacecraft is about 0.5 m/s. Once 
the clampband is fitted, each actuator exerts a 
force of less than 1200 N on the rear spacecraft 
frame. 


The actual spacecraft pair of values (Mcu, Xe) 
must remain within admissible limits as defined in 


figure A10.3.1. 


The 1194V4 adaptor has a mass of 75 kg. 


Figure A10.3.6 gives the dimensions of the 
spacecraft-frame butt. Арай from correct 
observance of these dimensions, this frame must 
be manufactured in an aluminium alloy. 


The clampband tension does not exceed 28 200 N 
at any time, it is defined to ensure no gapping 
between the spacecraft and adaptor interface 
frames in ground and flight environment. 


The angular positionning of the spacecraft on the 
adaptor is ensured by alignment of engraved 
marks on the interfacing frames. 


Umbilical connectors brackets: on the spacecraft 
side, the connectors brackets must be stiff enough 
to prevent any deformation greater than 0.5 mm 
under the maximum force of the connector spring. 
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Annex 11 


This adaptor is a carbon fibre truncated cone 
structure connected to the spacecraft with 4 bolts, 
arranged on a 1633.7 mm circle. It's rear frame is 
bolted to the @ 2624 reference plane. The 
adaptator provides for spacecraft separation. 


At separation, the separation nuts are operated by 
gas pressure generated by booster cartridges. The 
threaded segments displace away from the bolts 
whose stored energy causes them to eject from 
the nuts. 


The spacecraft is pushed away from the launch 
vehicle by 4 springs sets fixed on the adaptor 
which bear the spacecraft rear frame. 


The springs are designed to release energy in the 
range of 50 to 150 J. The maximum spring force 
for each springs is 1752N. 


The 1663SP adaptor has a mass of 160 kg. 


The actual pair of values (Ма, Хе) must remain 
admissible limits as defined in Fig. А11.1. 


The spacecraft rear parts in contact with the 
adaptator must be manufactured from Aluminium 
alloy. 


The correct positioning of the spacecraft on the 
adaptor is ensured by 4 titanium shears cones. 
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Annex 12 


The 1666A spacecraft adaptor is an aluminium 
alloy structure in form of a truncated cone, with a 
diameter of 1666 mm at the level of spacecraft 
separation plane. 


The spacecraft rests on the forward frame of the 
adaptor and is secured by a clampband. The latter 
consists of a metal strip which holds in place a 
serie of clamps hooked on to the spacecraft and 
adaptor frames. 12 of the clamps comprise a 
shear-pin for the shear loads transmission at the 
interface. At separation, the band is severed in two 
places by a bolt cutter mounted on the adaptor, 
the pieces remaining captive to the adaptor. 


The spacecraft is forced away from the launch 
vehicle by a series of actuators (4 to 8) forming 
part of the vehicle and bearing on the spacecraft 
rear frame. The relative velocity between the 
adaptor and the spacecraft is about 0.5 m/s. Once 
the clampband is fitted, each actuator exerts a 
force of less than 1500 М on the rear spacecraft 
frame. 


The clampband tension does not exceed 32 000 N 
at any time, it is defined to ensure no gapping 
between the spacecraft and adaptor interface 
frames in ground and flight environment. 


The 1666A adaptor has a mass of 50 kg. 


The actual spacecraft pair of values (Meu, Хе) must 
be such that the forces on the adaptor spacecraft 
interface remain within admissible limits as defined 
in Fig. A12.1 using the quasi-static load values 
indicated in paragraph 4.5.4 (chapter 4). 


Figure A12.6 gives the dimensions of the 
spacecraft-frame butt. Apart from correct 


observance of these dimensions, this frame must 
be manufactured in an aluminium alloy. 


Umbilical connectors brackets: on the spacecraft 
side, the connectors brackets must be stiff enough 
to prevent any deformation greater than 0.5 mm 
under the maximum force of the connector spring. 
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Fig. A12.7 - Usable volumes beneath fairings 01 and 02 
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